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PREFACE. 



The First Edition of this Guide was issued, without 
illustrations, on the 19th April, 1881 ; the second in 1882^ 
illustrated with thirty-one wood engravings ; a third, slightly 
altered, appeared in 1884. A fourth Edition, almost wholly 
re-written, with many fresh illustrations, appeai'ed in 1886,. 
and a fifth, with only a few alterations, in 1888. The sixth 
Edition appeared in April, 1890, and 3,000 copies were sold up 
to October, 1895. Of these six editions, altogether 18,000 
copies have been issued. 

The publication of Mr. E. Lydekker's Museum Catalogues 
of the " Fossil Eeptilia and Amphibia," Parts I-V. (1888-90), 
and Mr, Arthur Smith "Woodward's Catalogue of the Fossil 
Fishes, Parts I-III. (1889-95), and the very numerous and 
important additions made to the exhibited series of specimens 
have necessitated the re-arrangement of a great part of these 
Collections, and also changed the plan of the Ouide. 

The writer is largely indebted to the authors of Nicholson's 
and Lydekker's "Paleontology" (Vol. II., «* Vertebrata," by 
B». Lydekker), from which numerous notes and extracts have 
been made in the compilation of this Guide. The part relat- 
ing to the Fossil Fishes has been entirely re-written by Mr^ 
Arthur Smith Woodward. Mr. C. W. Andrews has also 
obligingly assisted in the preparation o£ this work. 



HENRY WOODWARD. 



Department of Geology, 
8th April, 1896. 
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DEPARTMENT OP 

GEOLOGY AND PALiEONTOLOGY, 



INTRODUCTION. 



Nearly every city has within its bonnds some relics of eaxlier 
-times, when a more ancient people occupied the same spot. 

Thus below modem London we find various layers of 
accumulated soil, each marked by tokens of foimer times. 
In one we find the charred relics of the wooden buildings 
which preceded the more modem brick and stone houses ; be- 
neath this are found weapons, coins, and pottery, telling of 
Norman and Saxon times. More than 20 feet down we come 
upon the relic-bed of Roman London, and in some parts two 
Roman periods have been recognised with remains of buildings 
at different depths. At a still lower level, along the course of 
the ancient Wall-brook, remnants of pile-dwellings have been 
discovered, which were probably occupied by an earlier British 
race. 

In the ancient gravels of the Thames Valley, both beneath 
and around London, stone implements, left by a yet earlier 
people, have been frequently met with, associated with bones 
and teeth of the Mammoth. 

If in a similar manner we investigate those larger layers of 
Chalk and Limestone, Sandstone, Clay, or Slate, composing the 
Earth's crust, we not only find that they rest upon one another, 
so that we can judge of their relative age by the order of their 
superposition, but that, like the layers of soil below London, 
they are often full of relics which tell of the former inhabitants 
that lived, flourished, and died out, to be succeeded by another 
race which have in their turn shared the same fate. 



XIV INTRODUCTION. 

Geology deals with the Earth, the composition of the various 
strata, or layers, of which it consists, their present and former 
extent, and the physical conditions under which they were 
deposited, and the changes they have since undergone. 

PalsBontology deals with the remains of ancient life found 
in the various layers, and strives, by comparison with living 
forms, to restore the successive faunas and floras which have 
passed away, and to trace by those relics their past dis- 
tribution, and thus to show the evolution of life on the earth 
from the earliest times to our own. 

So many good books on Geology and Palaeontology have 
been published * that it is not necessary to give in such a g^de- 
book as the present a treatise on the science, but merely to 
explain that the Vertebrata in the Galleries are arranged 
according to their zoological classes, orders, and families (so far 
as these can be ascertained) ; and upon the label to each ib 
placed its name, its geological position, and the locality whence 
it was derived. In the Invertebrata and Plants each class is 
also grouped chronologically in order, from the latest deposits 
to the earliest in which it occurs.' 

Whenever a specimen has been figured and described in a 
scientific work, a green disk is affixed to it, and a reference is 
given to the author, and to the name and date of the work 
where it was published. 

Explanatory labels and illustrations have been introduced in 
many instances, to afford fuller information to visitors respecting 
the objects exhibited. 

A plan of the Gallery will be found affixed to the wall in 
each room, which will serve to show the general arrange- 
ment of the cases and their contents. The small Table of 
Strata, on p. xii, is given to indicate the range in time of the 
great groups of Mammals, Birds, Reptiles, Fishes, Invertebrates, 
and Plants. 

H. W. 

* See specially "Manual of PaleeontolojBfj," by Prof. H. Alleyne 
Nicholson and B. Lydekker, in 2 vols. (3rd Edition). Wm. Blackwood and 
Sons, Edinburgh and London. 1889. 
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REPTILIAN GALLERY.* 

This Grail eiy is devoted to tlie exhibition of the remains of Reptilian 
fossil Reptilia, a class which includes the Tortoises and Turtles, -v^^u.^'se 
Snakes, Lizards, Crocodiles, and a large number of extinct No. 1. 
forms, the exact zoological position of many of which we can 
only judge by analogy. Like the Mammalia, the Reptilian class 
lived both on land and in the water; some being evidently 
fitted for terrestrial locomotion by their well-developed legs ; 
others, as shown by their paddle-shaped limb-bones, must have 
passed their entire existence in the water. One group, now 
extinct, possessed, like the Bats and the Bii^ds, the power of 
flight. 

Class 3.— REPTILIA. 

Order I.— PTEROSAURIA (Winged-Lizards). 




Fig. 1.— Restoration oi Klt,miiphorhynch\u Mwnsteri^ Goldfuss (after Marsh) ; one-seventh 
natural size, from the Lithographic Stone, EichstHdt, Bavaria. 

In Wall-case No. 1, and in Table-cases Nos. 1 and 2, are I*terodac- 
placed the fossil remains of this extinct group of " Flying *yies. 
Lizards," or Pterodactyles. These animals had the centra of ^^^J' *Tabie- 
the vertebrse hollow in front ; they possessed a broad sternum or cases' Nos. 1 
*' breast-bone," with a median ridge or keel, similar to that of a^d 2. 
birds; the jaws were usually armed with teeth fixed in sockets. 
The fore-limb had a short humerus, a long radius and ulna, and 
* Galleries 3, 4, and 5 on Plan facing p. 102. 
(1876) 2 



Flying Lizards — Fterodactyles. 



Fiyingr 
Lizards. 



Wall-case, 
No.l. 



one of the fingers of tlie hand was enormously elongated to give 
support to the wing-membrane (patagitim), which was attached 
to the sides of the body, the arm, and the long finger, and also 
to the hind-limb and tail. The other fingers of the hand were 
free and furnished with claws. The wing-membrane appears 
to have resembled that of the Bat, being destitute of feathers. 
The caudal series of vertebras in some genera (as in Bhampho" 
rhynchus) was greatly elongated and stiffened with slender 




Fio. 2.— The nearly entire skeleton of Pterodactylus spectabilis (Meyer), from the 
Lithographic Stone, Upper Jurassic, Eichstadt, Bavaria, a is the pubis; on the 
right side the ilium is exposed (figured nat. size). 

ossified fibres (Figs. 1 and 5). The bones were pneumatic (t.e., 
filled with large air-cavities), the walls of the bones being very 
thin, and their substance very hard and compact, thus combining 
strength with lightness. 

Numerous remains of nearly perfect Pterodactyles, with both 
long and short tails, and varying gi-eatly in size, have been. 



Pterodactyles — Bimorphodon, 3 

obtained from tlie Solenliofen Limestone in Bavaria — others ptero- 
occnr in the Great Oolite at Stonesfield, near Oxford, and in daotyles. 
the Lias formation, Ljme Eegis, Dorset. The most remarkable Wall-case, 




». 3.— The almost complete skeleton of Pterodactylus antiquns (Sdmmerrinjr), from Table-case 

the Lithofpttphic Stone, Eichst&dt, Bavarja (^ nat. size), a, humerus ; 6, radius and jftQ i ' 

ulna ; c, carpus ; cf, metacarpus ; e, clawed digits ; /, g, A, i, phalangeals of ulnar * * 

digit; it, lib ; l^ femur; «, tibia; r, tarsus; m, metatarsals; ^, t', phalangeals of pes. 




Fig. 4.— Left lateral view of skull of Pteranodon longieeps (Marsh), fri>ra the Cretaceous 
of North Ameiica (^^ n»t. size), a, preorbital vacuity; 6, orbit; c, supraorbital 
crest ; d, angle of mandible ; q, quadrate ; «, symphysis. (Not represented in the 
Collection.) 



The Wall-case, 
No.l. 



of these English examples is the Dimorphodon macronyx from Dimorpho- 
the Lias of Lyme, which had a large head, the jaws armed with don. 
lancet-shaped teeth, along tail, and well-developed wings. The "^"^ 
stall was 8 inches in length, and the expanse of the wings 
abont 4 feet (see Fig. 5). 

Many remains have been discovered by Prof. Marsh in the 
Chalk of North America. One singular form, named by him 

2 2 



Crocodiles. 



Fterodao- 
tyles. 
Wall-oase, 
No. 1. 



Table-case, 
No.1. 



Pteranodoriy had no teeth, in 
its jaws, which were a yard 
in length, sharp-edged and 
pointed, and were probably 
encased in a horny sheath 
like the beak of a stork or 
heron (see Fig. 4). 

The Flying Lizards of 
the Chalk and Greensand 
attained even a larger size 
— but their remains are all 
very fragmentary. For exam- 
ple, some detached vertebroe of 
the neck of one species have 
been found in the Cambridge 
GreeDsand, measui'ing 2 in- 
ches in length, and portions 
of humeri 3 inches broad. 
Such bones give evidence of 
a flying lizard having pro- 
bably an expanse of wings 
of from 18 to 20 feet. The 
Pterodactyles of the Chalk 
of Kent were nearly, if not 
quite, as large. 

The smallest species of 
Pterodactyle from Solenhof en 
was not larger than a sparrow 
(see Table-case No.l). These 
singular flying reptiles do not 
appear to have lived longer 
than the period of time repre- 
sented by the deposition of 
the strata from the Lias 
formation to the Chalk, their 
remains being confined to 
rocks of the Secondary, or 
Mesozoic age. They are now 
entirely extinct. 



Orooodiles. 

Wall-oase, 
No, 2, and 
Table-oases , 
Nos. 9 to 13. 




Order IL— CROCODILIA. (Crocodiles.) 

The Crocodilia, except in one or two instances (which are 
placed in Wall-case No. 2, and in Table-cases Nos. 9-13) have 
the body covered with a thick layer of oblong bony plates or 
scutes, pitted on the surface, and covered with a homy substance. 
They have a single row of pointed and subcorneal or laterally 



Crocodiles, 



compressed teeth in distinct sockets, which are continnally being Crocodilia. 
renewed from below. The skull is relatively large in proportion ]J^*^"^**®» 
to the body, and is usually much depressed ; its component bones ^* ' 
are firmly united and generally have a characteristic sculpture 
on their external surface. The palatines and pterygoids unite in 
the middle line and thus close the palate, and very frequently one 
or both of these paired bones develop inferior plates, which meet 
beneath the narial passages. The quadrate is tightly wedged in 



Table-ca4ses 
Nob. 9 to 13. 





Fio. 6. — Oroeodilu9 palvMrU (Lesson). 1, lateral, and 2, upper views of skull ; 3, palatal 
▼iew of cranium; B^ aperture of median eustachian canal; N, posterior nares; 
0, Ot orbits; P, P, palato-pterygoid vacuities; T^ supra-temporal fossae: V, basi- 
occipital. The figures are much reduced. Common, living in Western India. 
Fossil in the Pleistocene deposits of the Narbada Valley, India. 



among the adjacent bones ; the tympanic cavities usually com- 
municate with the mouth by three eustachian canals ; tho 
mandibular symphysis unites by suture ; there are, as a rule, no 
ossifications in the sclerotic of tbe eyeball. Tbere is almost 
invariably a lateral vacuity in the mandible. The vertebrao 
of these reptiles are cup-shaped or concave at both ends, 
as in Teleosaurus; or concave in front and convex behind, as in 
the Crocodile from Sheppey (Fig. 7) and in all living Croco- 



Crocodiles — Qeosaurus. 



Crocodilla. 

Wall-case, 
iro.2. 



Table-oases, 
Nos. 10 to IL 



Table-case, 
Ko. 12. 

Belodon* 

Wall-case, 
Ko.2. 

Table-case, 
No. 18. 



diles. Professor Owen lias constituted two grotips, based on 
these modifications of tlie vertebrsB. The Crocodiles belong to 
the Procoelian section (vertebrae concave in front), and are 
divided into a hrevirostrine, or short-snonted section, containing 
the Alligator, the Crocodile, and the Tertiary genua Diplocynodon; 
and a longirostrine, or long-snouted section, embracing the 
Garials, Tomistoma, Thoracosaii/rusy and BJiamphostichtts, 

The Amphicoelian section (vertebrae concave at both ends), 
embraces HylceocTiampsa, also a second breviros trine section 
including Theriosuchus, Goniopholis^ Nannosuchus, and Owenia- 
suchus, and a second longirostrine section for Pholidosaurus and 
Fetrosuchus^ all from the Wealden and Purbeck beds.^ 

The older secondary forma belong to the Amphicoelian section 
as Bacosaurtis, Metriorhynchus, Teleidosaurus, Machimosaurus, 
Felagosaurus^ Steneosaurtis, and Teleosaurus, The earliest of the 
Crocodilian reptiles is named Belodon (Fig. 8) ; it had long 
and pointed slightly-curved teeth, longitudinally gi'ooved, and 




Flo. 1,'-Cncodilu8 Spenceri (Buckland). Upper view of skull restored, from the 
London Clay of Sheppey (about \ nac. size). 



Wall-case, 
No. 2. 

Oeosaurus. 



elongated jaws like the modem Grarials; the other, named 
Stagonolepis, resembled the existing Caimans, but with an elon- 
gated skull like the Grarials; the body was covered by bony- 
scutes. Both these reptiles are from the Trias, the former from 
Stuttgart, Grermany; the latter from Elgin, Scotland. In the 
Oolitic and Liassic series the old type of long and slender- 
jawed Teleosaurs and Steneosaurs (Figs. 9 and 11), with 
strong bony scutes, was abundantly represented. 

Here are exhibited the type specimens of Oeosaurusy 
from the lithographic stone (Upper Oolite) of Solenhofen, 
Bavaria. Baron Cuvier inferred, from the form and structure 
of its skull, that Qeosaurus held an intermediate place between 
the crocodiles and the monitors, but was more nearly related 
to the latter. The orbits are large and the eyes were protected 
by bony sclerotic plates, like those of Ichthyosaurus, It had 



Crocodiles — Belodon^ etc. 




Fig. %.'-Belodon JTai^i (Meyer); from the Keuper, Upper Trias, Stuttgart, Wurtemberg. 
A, lateral view of skull; B, upper view of skull; C, palatal aspect of same; pmx^ 

premaxilla; fnx, maxiUa; no, nasal; nar^ nares; or, orbit; por, preorbital vacuity : 

^a posterior nares (greatly reduced). 




Fio. 9. — Upper view of cranium of Steneomurus Heberti (E. Geoffrey) ; 
from the Lower Oxfordian of Normandy (about ^ nat. size). 



BETiODON AND StBNEOSATJBUS. 
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Dinosauria. 



Wall-case, 
No. 2. 



Pelagosau- 
rus. 

Wall-case, 
No. 2. 



numerous, large, compressed, and slightly recurved teeth, and 
the vertebrae are constricted and biconcave. It probably 
attained a length of ten or twelve feet. The 
original specimens from Monheim, first 
described and figured by Soemmerring in 
1816, as a gigantic lizard (Lacerta gi- 
gantea) are exhibited in the case. It is now- 
known that Oeosaurus is very closely allied 
to, if not identical with Metriorhynchus, a 
genus of Crocodiles remarkable for the 
presence of a sclerotic ring in the eye and 
the absence of bony scutes. Many species 
of Metriorhynchus are found in the Jurassic 
rocks of Europe and two nearly complete 
skeletons of a form common in the Oxford 
Clay of Peterborough are mounted in Wall- 
case No. 2. These specimens, as well as the 
skeleton of Steneosaurus placed near them, 
were obtained by A. N. Leeds, Esq., F.Gr.S. 
A reproduction of the entii'e skeleton 
of the Felagosaurus tyjpu?, from the Lias of 
Curcy, Normandy, prepared by the late 
Professor E. Deslongschamps, is placed in 

the same wall-case (No. 2). • - 

From the Wealden of the South-east of 
England, the Purbeck beds of Dorset, we have a true Croco- 
dilian, the Gonwpholis) and a dwarf species, Theriosuchus pusil- 
lusy Owen (Table-case No. 11). 




Fig. 10.— Tooili of Daco- 
saurus mazimus (Plien.) 
Kimmeridge Clay, Ely. 







Fig. 1 1.— Profile of skull of Felagosaurus typus (Bronn), from the Upper Lias of 
Normandy (reduced), r, supra-temporal fossa; 0, orbit, i nat. size. 

Wall-cases, A large Crocodile has been obtained from the Eocene Ter^ 

Nos. Iaiid2. tiary of the Isle of Wight, and from Hordwell, Hampshire; 
Tableca^s, ^nd remains of many species of Crocodiles and Garials, from 
IQ^ ' the Tertiary rocks of India, may be seen in the wall-case. 

These are referable to the typical genus Grocodilus, and also ta 
the other living genera, namely, Gar talis of India and Tomis- 
toma of Borneo; both the last-named genera being long- 
snouted types. 

Order III.— DINOSAURIA. 

Wall-cases, This remarkable group of huge terrestrial reptiles is quite 

ITos. 3—7, extinct. Some of them had bony dorsal plates and long and 



Dinosauria — Sauropoda. 
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formidable spines (as AcanthophoUs, Polacanthus, Hylceosaurus, and Table- 

&c.), others were without such defences. Most of these cases, Nos. 

animals had flat or biconcave centra to their vertebrae, the 

anterior (cervical) vertebrae had hollow cups behind. Two Binosauria. 

pairs of limbs were always present, furnished with strong-clawed 

digits. 

They were probably to some extent amphibious in their 
habits, bat their limbs were well fitted for progression on the land. 

The group has been provisionally sub- divided into the. 
following sub-orders, namely : — 



Sub-order 1. — Sauropoda (Lizard-footed). 

The members of this group of Dinosaurs were all herbi- Atlantosau- 
vorous, and included some of the largest forms hitherto dis- £^"* 
covered, by far the hugest being the American genus Atlan- j^^ ^-<ja'Se, 
tosaurus, from the Jurassic of Colorado. Although no entire 
skeleton has been found, it is supposed to have attained a 




Fio. 12.— Lateral view of BkuJl of Diplodocus longtLS (SLa.TBli\ from the ^^ Atlantosaurus' 
(Upper Jurassic), near Canon City, Colorado, N. America (I nat. size). 
(Not yet represented in the Collection.) 



beds 



length of over 80 ft., and a height of 30 ft. A plaster-cast of a 
thigh-bone (femur) shown in this case is 6 ft. 3 in. long. 

Another reniarkable genus, from the same horizon and 
locality, is the Diplodocus, an animal intermediate in size between 
Atlantosaurus and Morosaurus, which may perhaps have attained 
to 40 or 50 feet in length, when living. The teeth indicate that it 
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Dinosauria — Getiosaunis and Omithopsis. 



Cetiosanrus, 
3r " Whale 
Lizard." 



Omithopsis. 

Wall-oase, 
BTo. 3. 



was herbivorous and its food was probably succulent vegetation. 
There are no examples of Diplodocus Sbt present in the Collection. 

The Cetiosaurus, or "Whale-Lizard," thus named by Sir 
Richard Owen, from some resemblance in the form and struc- 
ture of the posterior vertebrsB to those of a whale (it must be 
borne in mind that the Cetiosaurs have really no affinities to 
the whales in any way whatever, save in name!) is another 
genus of these huge Saurians, whose remains are found in our 
own island, and of which three species are recorded, the earliest 
in geological time being the (7. longus (Owen). Of this species 
a large portion of a skeleton of the same animal was discovered 
in 1870, in the Great Oolite at Enslow Bridge, near Oxford, and 
is preserved in the Oxford University Museum ; but plaster-casts 
of the large bones of the extremities are placed in the case. 
The femur is 5^ ft. long, and the humerus 4 ft. 3 inches. The 
anterior vertebrae are large, with cup and ball articulations, they 
have large cavities in the centra, and are buttressed lik^ those 
of Omithopsis, an allied genus. A huge arm-bone (humerus) 
nearly 5 ft. long, from the Kimmeridge Clay, Weymouth, has 
been referred to this genus, under the name of 0. huTnero- 
cristattis; it is at present the only evidence of the species 
known. G, hrevis, from the Wealden of Sussex and the Isle 
of Wight, is represented by caudal and dorsal vertebrsB, &c., 
including the original specimens from Dr. Mantell's collection, 
upon which the genus was founded. 

Here are exhibited a series of vertebrsB and other remains of 
a huge Dinosaur, named Ornithopsis Hulkei (Seeley), obtained 
from the Wealden fonnation, Brixton, Isle of Wight. 

Omithopsis was remarkable for the extreme lightness in 
construction of the bones of its neck and back, combined with 
great strength. A single dorsal vertebra had a centrum 
10 inches long, and 25 inches in circumference at the front or 
convex end, whilst it measured in height to the summit of the 
dorsal spine 25 inches ; and in breadth across the transverse 
pi'ocesses 19 inches. A single centrum of one of the cervical or 
neck vertebrae measures 32 inches in length. 

The centrum of each vertebra is composed of highly cellular 
bony tissue (like the frontal portion of the skull of the ele- 
phant\ and has a large cavity on each side. The dorsal and 
cervical vertebrae are opisthoccelous (i.e., hollow behind, and 
convex in front), and each has articulations for a double- 
headed rib. The spinous processes are convex, and greatly 
developed, being rendered at the same time both extremely 
light and strong by struts and buttresses and thin sheets of 
bone, with large and deep recesses between. The pelvis and 
several vertebrae of another very large species, Omithopsis 
Leedsi, obtained by Mr. Leeds from the Oxford Clay of Peter- 
borough, are exhibited in the same case. 



Dinosauria — Brbniosaurus. 
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The discovery of the entire remains of a hnge Dinosaur in Brontosau- 
Am erica, which when alive was nearly, or quite, fifty feet in """• 
length, named by Prof. Marsh, Brontosaurus, with dorsal 




vertebrsB constructed npon the same type as Omithopsis, fully 
confirms the accuracy of the conclusions arrived at by Prot. 
Seeley and Mr. Hulke as to the affinities of the latter animal. 
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Dinosauria — Felorosaurus, 



It seems almost certain that tlie detached tooth described as 
JSoplosaurus armatus, and the cervical and dorsal vertebrsB and 
pelvis, described under the names of Ornithopsis Hulk&i and 
0. euccum&rotusy are referable to the same form. The head in 
Brontosaurus, with which genus Omithopsis has been compared, 
was very diminutive in comparison with the size of its huge 
vertebrsB and limb-bones (see Fig. 18) . 




Fig. 14.— (a) inner, (6) outer, (c) profile views of a tooth of Hoplosaurus armatus (Gervais), 
from the Wealden of tlie Isle of Wight, |. 

Felorosaurus, another large land Saurian of the Wealden 
period, is referred to this sub-order. It probably exceeded in 
size the largest Iguanodons, and is represented in the Collection 
by the humerus, which is 52 inches in length. 

Another humerus noticed above (p. 10) as having been 
referred to Cetiosaurus humerocristatus, by Hulke, probably 
belongs to this same genus. An imperfect vertebra from the 
Oxford Clay, near Peterborough, also may be referred to another 
species of this genus, and is remarkable for its large size. 

In the Southern hemisphere these gigantic Dinosaurs were 
also found. In the same case are exhibited vertebrae and portions 
of limb-bones of an enormons species, Bothriospondylus mada- 



Dinosauria — Tlieropoda. 
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gascariends from the Jurassic rocks of Madagascar. From S, 
America a few vertebrce of Titanosaurus atistralis, from the 
Cretaceous rocks of Patagonia, are exhibited. 

Sub-order 2. — Theropoda (Beast-footed). 

The Theropoda hold an intermediate position between the Wall-case. 
Sauropoda and the Omithopoda, although more nearly allied ^^* '^* 
to the former. In the structure of the teeth, the form of the 
femur, the occasional presence of only two sacral vertebrce, 
and in the form of the quadrate bone, certain genera approach 
more nearly to the Crocodilia than even do the Sauropoda; 
although in their hollow limb-bones they agree with the 




Fio. 15. — Left side of pelvis of AUosaunu fragilis (Marsh), from the Upper Jurassic 
uf North America {^^ nat. sixe). a, acetabalmn ; il, iliiun ; j), pubis ; u, ischium 
(after Marsh). 

Ornithopoda. All the forms were carniirorous. The premax- 
illary was furnished throughout with teeth, which are laterally 
compressed and backwardly curved, the cutting edges of one or 
both of which are frequently serrated. The teeth are planted 
in distinct sockets, and the skull has a large aperture in front of 
the eye, known as the preorbital vacuity. The centra of all the 
vertebrae are hollowed internally, and much compressed laterally. 



u 
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Wall-oase, 7^Q limb-bones always have medullary cavities, and tlie pectoral 
No. 7. (fore-) limb being much shorter than the pelvic (hind-) limb. 

Table-case, it is probable that many of the forms were bipedal in their 
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habits, although some of them may have been quadrupedal. In 
the pelvis {see Fig. 16) the ilium is of great vertical depth, and 
has a short preacetabular process, while the pubis is directed 
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downwards and forwards, and nnites with its fellow in a long 
bony symphysis, which generally extends np the anterior face 
of the two bones, giving them the shape of an elongated letter Y, 
when seen from the front. The pubis and ischium are com- 
paratively short and slender. The astragalus^ or " ankle-bone," 
usually fits closely to the tibia, and frequently gives off a long 
flattened process which is applied closely to the anterior face of 
the latter bone, resembling in this respect the free condition of 
these two bones in the young of Ratite birds before the 
anchylosis of the astragalus with the tibia has taken place. 

The metatarsals are elongated and the feet digitigrade. In 
the manus (hand), the number of digits varies from four to 
five, while in the pes (foot), there may be either three or five. 
The terminal phalangeals in all cases have curved claws, which 
in the manus are very long and prehensile, evidently well 
adapted for seizing and holding living prey. 




Fio. 17.— Left lateral view of skoll of Ceratosaurus nasicornis (Marsh), from the Upper 
Jurassic, North America, a, nasal opening; 6, horn-core; c, antorbital opening; 
<2, orbit; «, lateral temporal fossa; t, transverse bone ; /, mandibular vacuity Q nat. 
size) after Marsh. (Not represented in the Collection.) 

The skeleton of a small Dinosaur, of which a beautiful Compsoffna- 
cast may be seen in Table-case No. 9, the original being *^^"'* 
preserved at Munich, named Compsognathus longipes, has J*. 14?**^' 
been found entire in the Lithographic stone of Solenhofen. 
From the relative proportions of its limbs we cannot but con- 
clude that it must have "hopped (like a Jerboa), or walked in 
an erect or semi-erect position, after the manner of a bird, to 
which its long neck, slight head, and small anterior limbs must 
have given it an extraordinary resemblance." (Huxley.) 
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Binosauria — Anchisauridce, etc. 



Numerous other fine Dinosauiiaii remains are to be seen in 
the collection, but as we do not know the teeth of many of these 
hnge reptiles, we cannot speak positively as to their habits. It 
is certain, however, that, from the Trias to the Chalk, two gi'oups 
have existed, one having a carnivorous dentition, and the other 
being herbivorous. Teratosaurus of the Trias of Stuttgart, 
Ceratosaurus and Allosaurus of the American Jurassic rooks, 
Megalosaurus and Gompsognathus of the Oolitic and Wealden 
strata were all carnivores. 

The actual counterpart and casts of the maxilla and 
premaxilla. and a portion of the ramus of the lower jaw 
of Megalosaurus from the Inferior Oolite, Sherborne, Dorset, 
may be seen in the Wall-case. Of Fola^anthus, Omosaurus, 
and Hylceosaurus, we have no direct dental evidence, but 
judging from a comparison of the other portions of their 
skeletons, they have been referred to the family of the 
Stegosaurid<B. No doubt, as amongst the Mammalia at the 
present day, the majority were vegetable- feeders, and the 
minority were predaceous in habit. The Cretaceous genus 
Dryptosaurus, and the Jurassic Ceratosaurus and Allosaurus 
were, in America, the representatives of the carnivorous 
Megalosaurus of our Secondary rocks. 

Many species of Ih-yptosaurus have been identified, and a 
series of plaster-casts of bones of Dryptosaurus aquilunguis are 
exhibited in the case. 

ANCHiSAURiDiE. — The genus Anchisaurus has amphicoelous 
cervical vertebreB, the pubis is rod-like, there are five digits in 
the manus and pes. The teeth are without serrations on the 
anterior border. Upicampodon (Fig. 18, A, B, c) is an allied 
genus from India. 





Fig. 18.— Fragment of mandible, A, lateral aspect; B, posterior aspect; C. section of 
tooth of Epicampodon indicus (Huxley ), from the Panchet beds (U. Trias), Lower 
Gondwanaa of Bengal ; i), lateral aspect of tooth of Theeodontotavrut pUUyodtm 
(Eiley & Stutchbury), Upper Trias, Bristol. 
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In Thecodontosaurus platyodon (Fig. 18, d), the teeth have wall-oase 
oblique serrations on both borders. The ilium is of the Mega- No. 7. 
losaurian type. Kemains of this genus are met with in the ^^^l^T^****' 
Upper Trias, Durdham Down, Clifton, near Bristol, in Glouces- 
tershire. 



Sub-order 3. — Omithopoda (Bird-footed). 
This sub-order is taken to include the Steqosauria of Marsh. Jo* 4.****^* 

The genus Stegosaurus was originally described by Marsh 
from the Upper Jurassic of North America, but certain forms 
from the Oxford and Kimmeridge Clay of England, described 
under the preoccupied name of Omosaurus, cannot be separated 
generically from Stegosaurus. They also agree with the Scelido- 
sauridcB in the general structure of their teeth and in the 
possession of a dermal armour of scutes and spines, as well as 




Fio. 19. — ^The left pectoral and pelyic girdles and limbs of Stegotaurus ungvZatui 
(ManhX from the Upper Jurassic of Soathem Colorado, North America (^ nat. sizeX 
«, scapola; c« coracoid; h, hamems; r, radios; u, ulna; l-F, phalangeals; a, 
iUum; i«, ischium; p, pi, pubis; /, femur; t^ tibia; /I, flbula; a, astragalus; 
c, calcaneum (after Marsh). 

in their solid limb-bones. The neural arches of the vortebrsD 
are very much higher, and in the sacrum each arch is chiefly or 
entirely supported by a single centrum, instead of by the 
adjacent portions of two centra as in the Ornithopoda. 
(1876) 3 
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Dinosauria — Omosaunis, 



The skull shows many points of resemblance to that of 
Iguanodon, especially by the presence of a predentary bone, but 
it is lower and narrower and in this respect it resembles the 
Scelidosaurian type. 




Wall-case, 
No. 4. 

Omosauxus. 



Fio. 20 — Left lateral yiew of skull of Stegosaurtu stenopB (Marsh), \ natural size; from 
the Upper Jurassic, S. Colorado, North. America, a, nares; b, orbit; c, lateral 
temporal fossa ; pm, premaxilla ; m, maxilla ; n, nasal ; pf^ prefrontal ; so, supra- 
orbital ; //), postfrontal ; po, postorbital ; I, lachrymal ; j, Jugal ; g, quadrate ; »q, 
squamosal; ac, occipital condyle; ar^ u*ticular; «a, suranji^ar; en, angular; «, 
splenial ; d, dentary ; pd, predentary (alter Marsh). 

To this sub-order are referred the remains of a large Dinosaur 
from the Eammeridge Clay of Swindon, Wilts, described by Sir 
Richard Owen in his Monograph on the Fossil Reptilia of the 
Mesozoic Formations (PalaBontographical Society's Volume for 
1875), under the name of Omosaurus armatus. The series com- 
prises, in an immense block, the iliac bones of either side with 
the entire sacrum, retaining the normal form and position, an 
ischium, a femur, several dorsal and caudal vertebrae projecting 
in bold relief from the background of grey stone, forming a 
magnificent fossil group unique of its kind. 

In addition to the bones above mentioned (which are all 
imbedded in one block 6' 0" x 7'' 6"), a large dermal spine, 
several centra and processes of many vertebras and chevron- 
bones, an entire humerus, ulna and radius with carpal and 
metacarpal bones, all parts of the same fore-limb ; also a com- 
plete ischium and pabis, and six caudal vertebrae, were found 
lying in the clay around the larger mass. 

The femur measures more than 4 feet, and the humerus 
is nearly 3 ft. in length and enormously broad. The head and 
neck are unfortunately wanting, but there is little doubt 
that nearly the entire animal might have been obtained had 
some competent person been present in the pit when the 
remains were first observed. 

Remains of another species of this genus (Omosaurus duroh- 
rivensis) from the Oxford Clay of Peterborough, are also 
exhibited in this case. 
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A large plated Dinosaur lias been dis- Soelidosau- 
covered in a tolerably perfect state, and is rus, CaaeY, 
placed in a glazed case in the centre of the 
Reptile gallery. 

It was obtained from the Lower Lias of 
Lyme Regis, Dorset, and is a fairly complete 
skeleton of an herbivorous Dinosaur about 12 
feet in length, closely allied by its dentition to 
Iguanodoriy and described by Sir Richard Owen 
as Scelidosaurus Harrisyni, This reptile was 
armed with lateral rows of thick bony scutes or 
spines on each side, which extended along the 
tail also. There is very considerable disparity 
between the fore and hind-limbs, as in so many 
other Dinosaurs. There are four functional toes and one 
rudimentary one on the hind foot ; the fore-foot is not well 
preserved and the number of digits cannot consequently be 
clearly made out in the hand. 



Fio^ 21.— A single 
upper tooth of Sceli- 
dosaunis HarrUoni 
<0wen) twice nat. size, 
from tlie Lower Lias, 
Gharmoath, Dorset. 




Fio. 22.— fiestored skeleton of Scelidosaurus Hairisoni (Owen), greatly reduced, from 
the Lower Lias of Cbarmoutli, Dorset. The figure shows the large lateral dermal 
spines on the shoulders, and the long lateral line of smaller spines, reaching from the 
pectoral region to the extremity of the tail; also the numerous ossified tendons 
running along the sides of the dorsal spines of the vertebrss from the shoulder to the 
tail. (The original specimen is about 12 feet in length.) 

Aoantlio- 
A smaller Dinosaur, named AcantJiophoUs, found in the Lower pholis. 
Ohalk of Dover, was also armed "wi^ spines, but only a few ^able-case, 
fragmentary remains of it are preservi^ 'pi^the collection. 

' * 3 2 
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HyUeosau- 
rus. 

Polaoan- 

thUB, 

Wallooase, 
Ko. 4. 



Hypai- 
lophodon. 

Table-oase, 
No. 16. 



Small Qlass- 
tase^y. 



Ifiruanodon 
KanteUl. 
Wall-case, 
Ko. 6, and 
Table-case, 
No. 16. 



The long dermal spines of HyloBosaurus, another armed 
Dinosaur from the Wealden, were arranged in a single row along 
the central line of the back. 

The Polacanthus, or many-spined Dinosaur, from the Weal- 
den formation near Brixton, Isle of Wight, appears, as regards 
its dermal covering, to have been one of the most heavily 
armed of these old dragons. Its body was protected by a series 
of long, laterally-compressed, and more or less acutely triangu- 
lar osseous spines, and also by numerous plain and keeled 
scutes ; whilst the pelvic region was covered by a large shield 
or carapace of thick bone firmly united to the verfcebrsB and 
ribs, like the carapace in a turtle. The tail was also protected 
by strong bony dermal scutes. 

Many of the limb-bones and vertebras of the back and tail 
were found associated with the spines, but no remains of the 
neck or head. 

The bases of the spines are broad and asymmetrical, show- 
ing that they were arranged in one or more rows on either side 
of the central line of the back. The largest of these spines 
exhibited measures ten inches in breadth, and in height thirteen 
inches. 

We are mainly indebted to the researches of Prof. Huxley 
and Mr. J. W. Hulke for a knowledge of Hypsilophodon Foxi, 
a small Dinosaur from the Wealden, about 4 feet in length. 
The animal has four large and powerful digits to the hind 
foot, and a small rudimentary fifth outer toe; an extremely 
small fore foot (or manus), with four digits and a fifth rudi- 
mentary one. The sharp-pointed and curved ungual phalanges 
indicate that it was probably arboreal and rock-climbing in 
its habits. The sides of the crowns of the teeth are finely- 
serrated, and repeat in miniature the serrations of the crown 
of the teeth of Iguanodon. Hypsilophodon was destitute of any 
dermal armour. Remains of parts of several individuals have 
been met with at Brixton, in the Isle of Wight. 

" Mantell's Iguanodon." — This is one of the largest of the 
great extinct land-reptiles, some of which certainly rivalled the 
elephant in bulk. The femur (thigh bone) alone measured 4 
to 5 feet in length. The fore-limbs were very short, so that it 
is almost certain that it did not make use of them constantly 
for progression on the ground, but could readily raise itself into 
an upright position, the weight of its body being counter- 
balanced by its long and ponderous tail, although it was far too 
bulky to progress by leaping, after the manner of a kangaroo. 
The slab in the centre of Case 6 contains a great portion of the 
skeleton of a young individual of Iguanodon Mantelli from 
Bensted's Kentish Rag quarry at Maidstone, in which the 
disproportion of the fore and hind limb is well shown. It will 
be seen that the bones of the arm and fore-arm (humerus, and 
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radius and nlna) are barely half the length of the thigh and Wall-oase, 
shin bone (femur and tibia). This difference between the leg No. 6, 
and arm seems to have been a marked feature in a large Table-case, 



No. 15. 
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Fio. 23.— Bestored skeleton, greatly reduced, of Tffuanodon BernitmrUnns (BofxLeng^r); 
from the Wealden of Bemissart, Belgium (scale about A nat. size). A reproduction 
of the original, which is presenred in the Boyal Museum of Natural History, Brussels, 
is placed in the centre of the Beptile Qallery. 




R«. 24.-f-0nterj^Tiew of four lower teeth of IgiMnodon in fragment of Jaw, showing 
unworn condition of teeth. From the Wealden of the Isle of Wight. 

number of Dinosaurs, as may be well seen in Hypsilophodon^ 
OompsognatJius, and many others. 

Of the larger species of Iguanodon, J. Bemissartensis, a repro- 
duction of the entire skeleton is placed in the middle of the 
gallery, and a separate cast of the skull is also exhibited. The 
height of the skeleton as mounted is about 14ft., audits length 
about 25 ft. The great difference in size between the fore and 
hind limbs noticed above is well shown. The original specimen 
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is preserved in the Royal Museum of Natural History, Brussels, 
and is one of twenty-tliree more or less complete skeletons dis- 




Fie. 25.— /^ruanodon Bemutarteiuit (Boulenger). Posterior yiev of a dorsal Tertebra; 
Wealden, Isle of Wight. 





Fio, 26.^a), Outer yiew ; (b), Profile of Tooth of Iguanodon (natural size), Wealdeu, 
Isle of Wight. 

covered at Bemissart in Belgium. Remains of this species 
from the Wealden of Sussex, and the Isle of Wight are exhibited 
in Wall-case 5. 
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Remains of other species are exhibited in Wall-case 4a. 

Numerous foot-prints of these animals have been found in 
the Wealden deposits of Hastings, and are exhibited in Gallery 
No. 11, Wall-case No. 8. 

In all cases only the impressions of the hind-foot are seen, 
so that there can be little doabt that the mounted skeleton 
correctly represents the position of the reptile when walking. 

The Iguanodon was vegetarian in its diet, as is proved Iguanodon. 
by its teeth, which correspond with those of the living and Wall-cases, 
vegetable-feeding Iguana of S. America. Nos. 4a, 6, 

Their teeth are not unfrequently found worn down at the ^^ 
crown, like the molar teeth of the herbivorous mammalia at the 
present day. They were implanted in partially distinct sockets, 
and a succession of teeth always growing up from beneath 
replaced the wpm-down stumps. The teeth are curved and 
leaf-shaped, and the edges are elegantly serrated, a character 
peculiar to all the vegetable - feeding Dinosaurs, such as 
AcanthopholiB, SceUdosaurus, &o, (see Figs. 24 and 26). 



Table-oase, 
No. 16. 




Fko. 27.— Left lateral aspect of skull oX Iguanodon BemUtarteTuit (Boulenger) ; firom the 
Wealden of Bernissart, Belftium (much reduced). The anterior aperture In the skull 
is the nares (nostril), the middle one the orbit, and the large posterior one, the lateral 
temporal fossa. The predentary bone is seen at the extremity of the mandible 
(after Dollo). 

The genus Orthoinerus (Seeley), an Iguanodont, and a species 
of Megalosaurus, from the Upper Chalk of Maestricht, appear, so 
far as yet known, to be the most recent, and probably the last 
representatives in Europe in geological time of the great group 
of terrestrial Dinosaurs. Both species are founded upon a few 
long bones of limbs in the collection, and assuming them to 
have belonged to fully adult animals, their small proportions, 
when compared with those of their predecessors, probably 
indicates degeneration in an expiring race. 



Table-oase, 
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In the genus Trachodon, of Leidy, all the dorsal vertebraB 
are opisthoeoelous (hollow behind), with low arches, on which 
the rib-facet rises to the summit of the neural platform ; the 
centra are moderately compressed and wedge-shaped, with a 
haemal carina. The teeth are simpler than in Iguanodon, with 
lozenge-shaped crowns, the inferior surface of the root of each 
tooth being grooved for the reception of the summit of the 
tooth below. In T, cantahrigiensis the crowns of the teeth are 
relatively broader than in T. Foulki, from New Jersey (see 
Figures 28, a, b, c). 

The following are of uncertain affinities, namely: — Bchinodon^ 
which was a large saurian probably of aquatic habits. The teeth 
were flat, broadly pointed, and the upper edges strongly serrated, 
hence the name "prickly-tooth." A more formidable saurian 





Fio. 23.-.- (a) lateral, and (b) profile views of a toofch of Tradiodon cantabrigUfuis 
(Lydekker), Oreensand, Cambridge; (c), tooth of TracJiodon Foulki (LeidyX Upper . 
Cretaceous of New Jersey, U.S.A. 

from the same deposit is the Nuthetes destructor. The teeth are 
flat, recurved, and finely serrated on their anterior and posterior 
margins, like miniature teeth of MegahsoAirus which they 
resemble. 



Order IV.— SQUAMATA (Scale-covered Reptiles). 

This order is largely represented by forms living at the 
present ^j^ as it includes the true Lizards, the ChameBleons, 
and the Serpents, and in the Cretaceous epoch by the great 
extinct Mosasaurians. In this order the bodj- may be either 
short, with well developed limbs and a distinct tail, as in the 
Lizards ; or it may be extremely elongated without any external 
trace of limbs, and passing gradually into the tail, as in the 
Snakes. As a rule, the whole body and limbs are covered with 
overlapping homy scales, and these may be underlain by an 
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armour of bony dermal scutes. The limbs may be adapted for 
walkiiig on land, or modified into paddles for swimming. In 
the skull the proximal end of the quadrate bone is more or less 
movably articulated ; the lower temporal arcade is wanting ; 
the post-orbital is generally fused with the post-frontal; the 
palate is more or less open, the pterygoids being nearly always 
separated by an interval from one another, and the premaxillad 
are frequently united. The rertebraB are generally procoelons 
fconcave in front), although more rarely they are amphiccelous 
(bi-concave). True abdominal ribs are never developed. The 
carpus has but a single centrale, and the precoracoid process is 
often well marked. 



Sub-order 1.-— Ophidia (Serpents). 

Serpents are rarely met with in a fossil state, but a few 
such remains have been obtained from the Tertiary rocks. The 
earliest Ophidian represented in the Collection is the Paloeophis 




SexpentB. 
Table-oAse, 
No. 8. 

Palnophis. 



Fio. 29.— Vertebra of PalcBophU typhceus (OwenX from the Lower Eocene, Sheppey. 
^ A. haemal; b, anterior; and c, left lateral views of a tnmk yertebra, wanting mo«t 
!^— ' of the neural spine ; zt, sjrgosphene ; c, costal articulation. 

toliapicus, a serpent about 12 feet in length, obtained fi-om the 
London Clay of Sheppey ; from the Middle Eocene of Brack- 
lesham we have a still larger form, the Palceophis typhceus, B,hosi,' 
constrictor-like snake, considered to be marine, that attained a 
length^of 20 feet, and also a smaller species, P. porcatus, 

Fio. 30.— (A) Ussmal, (B) Anterior, (C) left lateral views of a tronk-vertebra of 
PdUryx rhombifer (Owen), from the Eocene Phosphorites of Caylox, France, 
c, costal articnlation ; z«, zygosphene. 

The Upper Eocene sands of Hordwell have yielded numerous Paleryx* 
vertebrae of snakes, but of a much smaller size, namely, Palerym 



Liaards. 
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rhomhifer and P. depressus. Others are recorded from the 
Miocene of CEningen and the Lignites of Bonn-on-the-Bhine, and 
are exhibited in this case. 

Sub-order 2. — Lacertilia (Lizards). 

The earliest known member of the large group of existing 
Lacertian reptiles is Macellodus (with which Saurillus is pro- 
bably identical, or closely allied), mostly known by jaws and teeth 
from the Parbeck beds of Swanage, Dorset, a small lizard with 
pleurodont dentition, dermal scutes, and procoelous vertebrae. 

GoniasauruSf with expanded teeth, occurs in the Chalk of 
Kent and Sussex. Several genera of lizards are represented in 
the Tertiaries of France and America. Remains of a species of 
Iguana occur in the Eocene Phosphorites of France, and the 
Middle Eocene of Hordwell, Hampshire. 




Fio. 31 .~< A) Outer, and (BX Inner views of the left dentary bone of an Anguoid 
Lizard ; from the Eocene Phosphorites of Cayloz, France. ^. 

The Anguidce (Slow-worms) are represented by several 
genera from Gers in France (Middle Miocene), and from B/ott, 
near Bonn (Lower Miocene) ; from Steinheim, Bavaria ; and 
from England and North America. 




^ ^ 



Fio. 32.— < A) Bight Maxilla; (B) Anterior, and (C) Posterior views of a dorsal 
vertebra of Varanus bengaUntU (DaudinX Pleistocene, Madras. |. 

The VaranidcB (Monitors) are represented by a very large 
form Megalania, from Queensland, Australia, and by Varanus, 
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dvalensis from the Siwalik Hills of India. Fragments of jaws, 
vertebrae, etc., Ireferred to Yaranus hengalensis, from caves, Kar- 
nul, Madras, are preserved in the collection. Similar specimens 
have been described by Mr. Lydekker (see PalaBontologialndica). 
Froni the Chalk of Sussex and Kent have been obtained 
several examples of the snake-like lizard Bolichosaurus longicolUs, Doliohosau- 
and an allied genus Aigialosatirus is represented in the collection ""*• 
by a fine specimen of a nearly complete skeleton from the Cre- 
taceous oi the Island of Lesina, Dalmatia. 

SoB-ORDER 3. — Pythonomorpha. 

The Mosasauridce were carnivorous marine reptiles, fre- Wall-case, 
quiently of great size, and ranging in time from the Upper ^^' '^' 
Greensand to the uppermost Cretaceous beds, and having a 
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Fio. 82.— Bight pectoral limb of a Mosasauroid reptile, PlaUcarpui^ sp. 

Cretaceoiis strata of North America. ^ nat. size (after Marth.) 

a, scapula; 6, coracoid; c, humerus; d, radius ; and «, ulna. 

world-wide distribution. The body was much elongated ; the 
skull offers a strong resemblance to the Varanidce amongst the 
lizards, and has the nasal and premaxillee welded together ; the 
quadrates very loosely articulated ; teeth on the pterygoids as 
well as in the jaws, and frequently ossifications in the sclerotic 
of the eye. The teeth are large and sharp, and anchylosed by 
expanded bases to the summits of the jaws. The clavicles are 
always, and the interclavicles and sacrum generally, wanting. 
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Wall-oase, 
No. 7. 



Mosasau- 
xxm. 



The limbs are modified into paddles with no claws to the 
terminal phalangeals and no foramen to the hnmems. The 
majority of forms were devoid of dermal scutes. 




Fig. S4.~Saperior aspect of fbe cranium of Platecarpus euHirottria (Cope) ; from ibe 
Upper Cretaceous of N. America (gre&Vlj reduced), pnue^ premaxilla: mx, maxilla ; 
fTi frontal ; pr/, prefrontal (after Cope). 




Fio. 35.— Lateral and profile yiews of a lower tooth of LiocUmt sp. 
from the Upper Cretaceoue of Maestricht, Holland, }. 

These great aquatic lizard-like reptiles, known as the 
MosasaurttSy Liodon, etc., once inhabited the shores of the sea in 
which the uppermost Chalk, or Maestricht beds, were deposited, 
and their powerful jaws, armed with great grooved, recurved, 
conical teeth, their vertel3r» and various other skeletal remains 
have been obtaiiied from St. Peter's Mount, near Maestricht, 
Holland, and from the Chalk of Norfolk and Kent. Remains 
of over forty species have been found in the Cretaceous rocks 
of New Jersey, Kansas, &c., in North America. One of 
these, the Mosasaurus princeps, is computed to have been 75 to 
80 feet long. The paddles, which were four in number, each 
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with five digits, liad a remarkable resemblance to the "flippers " Wall- 
of a whale {see Fig. 33). N<>- 7. 




Wall-case. 
No. 8. 



Fie. S6.— The imperfect skull of MosaaaunM Camperi (MeyerX from the 
Upper Cretaceons of Bf aeetricht, Holland (mach redaced). 

Order V.— RHYNCHOCEPHALIA (Beak-headed Lizards). 

This order has only one ' living representative, the genus 
Sphenodon (Hatteria), from New Zealand. Its earliest Imown 
ancestor, Paloeohatteria, dates from the Permian. In external 
appearance the Bhynchocephalians were lizard-like animals. 
They have the quadrate bone of the skull immovably fixed by 
the proximal extremity to the pterygoid, the palate is closed 
anteriorly by the median union of the pterygoids which ex- 
tend to the vomers; the premaxillas are never united. The 
teeth are acrodont, being anchylosed to the jaws. Abdominal 
ribs are always present. 

Under the name of Rhynchosaurus articeps, Sir Richard 
Owen described and figured, in 1842, a very interesting reptile 
from the fine-grained white Triassic sandstone of the Grinsill ^Jf^"^^"®* 
quarries near Shrewsbury (Trans. Cambridge Phil. Soc, vol. 
vii., part iii., p. 355, pi. 5 and 6). The vertebraa are biconcave, 
but whilst in some characters of the processes they resemble 
recent lizards, in others they present characters like those of the 
Dinosauria. The skull presents the form of a four-sided pyramid 
compressed laterally ; it is also remarkable for the beak-like 
prolongation of the premaxillaries, which are pointed and re- 
curved, and may have been encased in a homy sheath, like the 
mandible of a bird of prey. It had also, like the still existing 
New Zealand lizard Sphenodon (Hatteria), to which it is closely 
allied, two rows of minute acrodont teeth, united to a sharp 
edge of the maxillary and palatine bones respectively, between 
which the teeth of the lower jaw fit in a longitudinal groove. 



Rhynolio- 
sanrus. 



No. 8. 



Rhynclwcephalia — Hyperodapedon, 



WetU-oase, 
No. 8. 



Hyperoda- 
pedon. 



Wall-case, 
No. 8. 



This chai^acter was unknown until a few years ago, when a skull 
in the collection, having the mandibles in natural position, was 
skilfully developed from the matrix, and revealed the fact. 
The biconcave form of the vertebrae, sternal and abdominal ribs, 
and general characters of the limbs, also show the near affinity 
of this ancient extinct land- lizard to its living representative. 




Fio. 37.— Skull of ffjfperodapedon Gordoni (Huxley), Triassic Sandstone, Lossiemouth, 
Elgin t Morayshire, Scotland (^ nat. size). A, upper surface of skull; B, palatal 
aspect of skull ; C, under side of front of lower jaw ; Pmx. premaxillary bone ; 
MXf maxillary; Plj palatal teeth; Md, mandibles; Oj orbit, if, anterior nares : 
Sj supratemporal fossa ; 8'j lateral temporal fossa. 

Another form, but of much larger proportions, named by 
Prof. Huxley, Hyperodapedon, has been obtained from the 
Triassic sandstone of Elgin, Morayshire, Scotland, having the 
same compressed broadly triangular form of skull, with the 
orbits directed upwards and the premaxillaries prolonged into a 
sharp recurved beak, like Bhynchosaurus, which also may have 
been encased in a horny sheath. 

The dentition is very peculiar, the maxillary and palatine 
bones being provided with several rows of well-developed low 
conical teeth closely set, and so arranged posteriorly as to form 
a deep longitudinal groove between two or more rows of teeth 
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on each side for the reception of the marginal teeth of the Wall-oase, 
mandible; these teeth are small and closely arranged, and wear ^^' ®' 
by attrition with the upper teeth into a sharp cutting edge. . 
There is also present on the inner side of the mandible a series 
of large and obtuse teeth. 

The fine specimen of Hyperodapedon Gordoni exhibited from 
Elgin shows the head, neck, and body region, and some of the 
limb-bones in fair preservation, but the whole of the caudal 
region is absent. It was a terrestrial reptile, and attained a 
length of six or seven feet, and does not appear to have been 
armed with scutes or spines, but there are traces of wrinkled 
(skin) markings on the slab near the vertebr®. 

A much larger species, named Hyperodapedon Huxley i, has 
been obtained from the Triassic deposits of Maleri, India, of 
which a good series of the jaws is exhibited. It is computed to 
have attained a length of 17 ft. 

Prof. Huxley remarks (** Quart. Journ. Geol. Soc," vol. xliii., 
1887) that this order had already attained its greatest 
degree of specialization as early as the Trias ; Hyperodapedon 
being in all respects a more modified form than Sphenodon. It 
appears therefore to be probable that in the Permian, or perhaps 
still earlier, there must have existed Lizards differing less from 
the existing genus than either Hyperodapedon or Rhynchosaurus, 

Aphelosaurus, from the Permian, Prance, is also placed here. 

Prom the Trias of Elgin in Scotland, we have the very small 
Lacertian, the Leptopleuron (Telerpeton) , not exceeding seven 
inches in length. 

The Saurosternon is another small form of Triassic lizard, 
from the reptiliferous sandstones of South Africa. 

The PleurosauridoB &ve tyYticoMj re^^resented hj Pleurosaurus, wall-oase 
of the Lithographic stone of Bavaria, which is a medium-sized No. 8. 
Lizard characterized by the extreme elongation of the body (in 
which there are a great number of presacral vertebreB), and the 
skull is. long and narrow^, with slit- like nares. Anguisaurus and 
AcrosawruSy of the same deposits, belong to this family, but 
it is not, certain that, they are really distinct fijom the type 
genus. 

From the same horizon also we have SapKeo^aurus, Arieo- 
saurus and Homoeoscmrus, 



Order VI.— FROTEROSAURIA. 

To this order is referred a reptile named Proterosaurus Proterosau- 
Spenerl, from the Permian " Copper-slates " of Thuringia. '^^^ 
Though capable of progression on land, it was evidently of Wall-case, 
aquatic habits, feeding upon the Palceoniscidce and other fishes, 
which abounded in the seas of that period. 
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WaiLjaw, Order VIL— ICHTHYOSAURIA (Fish-Lizards). 

Tabl^oaaes, These great marine carnivorous reptiles had very short 

o8. and 5. j^^q^^ ^^^^ Woodcut, Fig. 43), probably not visible at all ex- 




Fie.88.— Left lateral aspect of the skull of Iehthyo$aurut communis (Conybeare); from 
the Lower lias, Lyme Regis, Dorset (about \ nat. size). The body was entirely devoid 
of any hard exo-skeleton. 




Fie. 89.— Left lateral and anterior aspects of the centrum of an eaiiy posterior dorsal 
vertebra of Ichthyosavrut trigonus (Owen); Kimmeridge Clay, Stanton, a, upper, 
6, lower costal tubercle. 




Fig. 40. — ^The centrum of an anterior dorsal Tertebra of /cAtAyo«auru« erUheciodon (Hulke); 
Kimmeridge Clay, WUts. ▲, section : b, anterior aspect ; c, left lateral aspect. 

temally. The vertebroB are numerous and deeply biconcave (see 
Fig. 40, A). They are primarily divisible into a precaudal 
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and a candal series without any differentiated sacrum, the pre- 
caudals have an upper and a lower costal or rib-tubercle on 
the centrum ; the caudals have a single tubercle ; the neural 
arches are attached by synchondrosis (by cartilage or gristle) to 
the flat surfaces on the centra. Intercentra are present between 
the skull and atlas, the atlas and axis, and the axis and the third 
vertebrsB. The precaudal ribs ai-e double-headed. Ribs are 
present in the caudal region ; the chevrons are not united below. 
Abdominal ribs are present, but there is no sternum. There are 
clavicles and a T-shaped interclavicle present in the pectoral 
girdle ; the coracoids do not overlap, there is no ossified pre- 
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Fio. 41 .—Left lateral aspect of sknU of Ichthyosaurus latifrons (KOnig), from the 
Lower lias of Barrow-on-Soar, Leicestershire, ^ nat. size. 

coracoid. The pelvis is weak, the iliac bones are not connected 
with the vertebrae, and there is an open obturator notch. The skull 
has very large orbits, and the eyes were surrounded by a ring 
of broad bony (sclerotic) plates. The jaws are elongated, and 
armed with powerful teeth implanted in grooves. The hand and 
foot are modified into fin-like organs, composed of short polygonal 




0313 



Fio. 42. — A, superior, and B, right lateral aspect of the skull of Ichihyosaurtu Zetland- 
icus (Seeley) from the Upper Lias of Normandy (reduced). Pmx, premazilla ; Mx, 
maxilla; If, nares; Na^ nasal; Fr, frontal; Prf, prefrontal; P^f, postfrontal ; P«, 
parietal; 7, jugal; QuJ quadratojugal; £fg, squamosal; St^ supratemporal ; Por^ 
postorbital; A^ orbit; Sj supratemporal fossa; Scl^ sclerotic; Mdj mandible; d^ 
dentary; op, splenial ; ang, angular; k, articular (after Zittel), \ nat. size. 

bones, arranged in five closely approximated rows, with super- 
numerary rows of marginal ossicles added (see Figs. 45 and 46). 
The largest entire Ichthyosaurus is from Lyme Regis, and 
measures 22 feet in length and 8 feet across the expanded 
paddles ; but detached l)«iflidf:iSfiiS^==fi^^ of skeletons prove that 
they often attained ^iar l«tt%6i*si^e^lH^i %is. 

(1876) / :-' - ' " \ 4 

¥ '^ .:■ J» V . - -■ - - * I, 
^ ■', 
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In some of the Ichthyosaurs the jaws are prolonged into a Ghallery, 
long and slender rostmm ; others have short and robnst heads, St**,}-^* 
and jaws armed with large teeth. A most perfect example of jy * 13°*"*' 
the long and slender- jawed form of Ichthyosaurus tenuirostris, 
from the Lower Lias of Street, Somerset, was presented in 1884, 
by Alfred Qillett, Esq., of Street, Somerset. 

Of Ophthalmosav/rus icenicus a fine shonlder-girdle and 
paddle obtained by Mr. Leeds from the Oxford clay near Wall-oase, 
Peterborough are mounted in Wall-case 14. In this genua ^o. 14. 
and in Bcuptanodon from N. America three bones articulate 
with the distal end of the humerus, and some diversity of 
opinion exists as to their homology. Marsh and Hulke cor- 
relate them as in Ichthyosaurus^ with the radius, inter- 
medium, and ulna; Seeley terms them radius, ulna, and 
olecranon ; whilst Baur considers that they represent the radius, 
ulna, and pisiform. 

c 






Fio. 44. — (a) Lateral and (b) profile views of a tooth of IcfUhyosauriu platyodon (CoBj- 
beare); Lower Lias, LymeBegis, Dorsetshire. (p)Toothoi Ichthyosaurus communis 
(Conybeare); Lower Lias, Lyme Begis, Dorset. 

It has been shown by Baur that the Ichthyopterygia 
have almost certainly taken their origin from terrestrial or 
amphibious ancestors. The structure of the limb in the more 
generalized species of Ichthyosaurus indicates that the pectoral 
limb consists primarily of only four digits, the first digit being un- 
represented, and the fourth and fifth arising in the usual manner 
from the ulnare. The additional rows of phalangeals in the 
more specialized forms it is suggested are due to a splitting up 
of the radial (2nd) and intermedial (3rd) digits, the presence of 
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two centralia in tlie carpus of these higher forms is therefore an 
acquired and not an inherited character. 

The structure of the palate is essentially the same as in 
Sphenodon, There is a remarkable resemblance between the 
Ichthyopterygia and the Rhynchocephalia in the structure of 
the pectoral arch, in the presence in both of abdominal ribs ; in 
the similar position of the parietal foramen in the cranium, and 
the relation of the quadratojugal to the surrounding bones. In 
both there is the same absence of a lateral vacuity in the 
mandible. 





Fio. 45.— (a) Ventral aspect of the left pectoral limb otlch^yomurus Conybeari(Lj(leXker) ; 
Lower lias, Lyme Be^ (i nat. size). A, humerus ; r, radius ; u, ulna ; i, inter- 
medium. The vertical hues show the relative len^^hs of the limb and the skull, the 
lonfter line being that of the skull. The notches in the anterior border of the first 
row of phalangeals are omitted, (b) Dorsal aspect of the left pectoral limb of 
Ichthyosawnis communis (Gonybeare) ; Lower Lias, Lyme Begis. The letters and lines 
are the same as in Fig. A. 

The teeth are confined to the jaws and are implanted in a 
continuous groove, without anchylosis of the bone. Their crowns 
are sharply pointed, and they are usually cylindrical and deeply 
fluted, more rarely carinated, compressed, or smooth (see Fig. 
44 ▲, B, c). 
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The hmuenis and femur are relatively short, buc the radius Wall-oases, 
and tibia are still shorter, and may be reduced to oblong bones No- !*• 
in which the breadth is greater than the length. The humerus Table-casen, 
has no foramen. Usually the anterior pair of (pectoral) paddles °®* * * 
is the larger (see Figs. 45 A, B; and 46 A, B). The humerus 
and femur in this order are unique in that, instead of having 
convex condyles for the articulation of the fore-arm (radius and 
ulna) they present distinct concavities for their reception. 





Fig. 46,— (a) Ooraal aspect ot the left pectoral, and (b) ventral aspect of the right pelTlc 
limb of Ichthyosaurus intermeditu (Conybeare) ; Lower Lias, Ljrme Begis, Dorsetshire. 
A. hy humerus; r, radius; w, ulna; rl, radiale; ». intermedium; ul, ulnare; c 1, 
c2, centralia; B./, femur; .«, tibia; /, fibula; U, tIMale; /I, flbulare; i, inter- 
medium. 

These old marine lizards must have exercised the same 
repressive action over the teeming animal population of the old 
Liassic seas that the sharks do in our seas at the present day. 
They existed during the long period of geological time repre- 
sented by the several formations extending from the Upper 
Trias and Rhsetic to the Chalk inclusive (see Table of Stratified 
Rocks, p. X.), but they occur in the greatest abundance, both as 
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regards individuals and species, and also in the most perfect 
preservation, in the Lias formation. Geographically, they 
enjoyed an exceedingly wide range of distribution, their remains 
having been discovered in the Arctic regions, in Europe, India, 
Coram, North America, the East Coast of Africa, Australia, and 
New Zealand. Nearly entire skeletons of both young and 
adult animals have been obtained from beds of Liassic age with 
but few of the bones displaced, as may be seen by many 
specimens in the Wall-case. 

Order VIII.— CHELONIA (Tortoises and Turtles). 

The Chelonia are exhibited in two wall-cases and three 
table-cases placed in the West Corridor (No. 5 on Plan), which 
connects the Mammalian with the Beptilian Galleries. 

A. 




» IT"^* Carapace of Trionyx Gtrgenti (Meyer), from the Lower Miocene of the Majenad 
Basin, \ nat. size ; nu, nuchal ; el to c8, ooetalfl ; nl to n7, nenrals. 'b. The fourth right 
coital plate with the acnlptore drawn on a larger scale. 
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Here are placed the fossil remains of the order Chelonia, Wall-oases, 
most largely represented at the present day, including the ^^**^^^^» 
Tortoises and Turtles, a group of reptiles in which the verte- cal^s * 
brsB and ribs are immovable, being combined with the external Nob. 10, 20' 
coat of bony plates, closely connected by interlocking sutures, ^^ 




Fio. 48. — Ontline of the Carapace, or dorsal 
shield, of ffardella Thurgi (Gray), reduced, 
nit, nuchal; nl-n8, neurals; cl-cS, coitals; vpy, 
1 ft 2, snprapygals; py^ PJgals; ml-mll, mar- 
ginals. In both these figures the outlines of the . 
bones have wavy sutures, the firm dark lines shov 
the outlines of the overlying homy shields. 



Fio. 49. — The plastron, or ventral shield, of 
Cachuga tectum (Gray), reduced ; «p., epiplastral 
bone; entp., entoplastral bone; Ay.p., hyoplastral 
bone ; xp., xiphiplastral bone ; y, gular shield ; 
hum.i humeral; pec, pectoral; a6., abdominal; 
fetn.f femoral ; and an., anal shields. 



The originals of Figs. 48 and 49 are both from the Pliocene, Sivalik Hills, India. 

enclosing the entire body of the animal. This box-like 
envelope is covered with leathery skin or homy shields ; one 
kind of which is called ** tortoise-shell,'* and is made into 
combs, <fec. There are no teeth, the jaws being encased in a 
homy beak, the sharp edges of which serve instead for 
dividing the food. 

The Chelonians are found living at the present day on land, 
in fresh water, and in the sea; they are all oviparous, depositing 
their eggs in the sand, to be hatched by the warmth of the sun. 
Some recent Turtles' eggs from Ascension, cemented together Wall-oase 
and fossilized in shell-sand by deposition of lime (produced ^<** ^* 
through the rapid evaporation of the sea-water by the sun's 
heat), are exhibited in Wall-case, No. 12. 
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Fie. 60.— Frontal aspect of the craaimn of 
Bhinoehelps eantabrigiensu (Lydekker) ; 
from the Greensand, Cambridc^. \, pmx, 
premaxilla; mx, maxilla; tui, naaal; pj^, 
prefrontal ; /r, frontal ; pt. fiy pottfirontal ; 
]>a, parietal (the cramui 
poftenoriy). 




uum is imperfect 



pJiUfi 



Fio. 51.— Frontal aspect of the cranimn of 
ArgUloehdy»antigwi(liXaAg)\ from the Lon* 
don Clay of Sheppey, \. pmxy premaxilla; 
nix, maxilla; qj^ qoaoratojufcal ; prft pre- 
frontal; fTt frontal; p^, postfrontal; par^ 
parietal. 
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Fig. 62.— The carapace of Nieoria tricar inata, 
var. tivaXeriM (Lydekker), \ nat. size. PlltK^ne, 
Siwalik Hills, India. (The dotted lines indicate the 
bony sntores, the dark linen the homy shie1di«.) 



Fio. 68.— The plastron, or ventral shield, of 
Pleu}'o»temum Buuockt (OwenX ftx)m the Purbeck 
beds oi Swanage, Dorset. About ^ nat. size ; ig.y 
intergular shield ; ms.p., mesoplastron ; the rest of 
the letters and explanation as in Fiff. 49. 
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Fio. 54. ~A, Frontal, and b, Palatal aspects of the cranium of a young indlyidoal of 
ArgiUochelya euneicepg (Owen), from the London Clay of Sheppey. pTux, premaxilla; 
mx^ maxilla: pt, pterygoid; ept, ectopterygoid process of the pterygoid; &o, basi- 
occipital; a, occipital shield: 6, paraoocipital shield; c, interparietal shield; d, 
frontal shield. ^ nat. size. vo. 




Fio. 56.~The imperfect carapace of PU*lochely» vaXdensis (Lydekker) ; Wealden, Isle of 
Wight ({ nat. size), nu, nnchal bone ; nl-n7, neural bones ; el-c7, costal bones. 
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The collection is particularly rich in remains of Chelonians 
from the Pnrbeck beds of Swanage, Dorset, the Chalk, Gault, and 
Greensand of England, the Maestricht beds of Holland, the 
Eocene Tertiaries of Harwich, Sheppey, Hampshire, the Isle of 
Wight, and other localities. 

The last surviving species of Chelonian indigenous to England 
was the Marsh Tortoise, lEmya orbicularis, Linn., whose remains 
have been found in fluviatile deposits of Post-Pliocene age at 
Mundesley and East Wretham Fen, in Norfolk {see "Geol. Mag." 
1879, p. 304), once common over a large part of Europe and still 
living in the South of Europe, in Asia and Algeria. 

Some of the old gigantic land-tortoises (of which a few only 
survive) inhabited Mauritius, the Seychelles, and other islands 




Fio. 66. — ^Dorsal aspect of the carapace of Platychelya 06tfr7utor/en (Wagner). litho- 
graphic stone (=Lr. Kimmeridgian), Kelbeim, Bavaria. § nat. size. 

of the Indian Ocean and the Galapagos Islands in the Pacific. 
Like the Dodo, they have been gradually exterminated by the 
hand of man. 

Two fine specimens of a very large extinct land-tortoise 
{Testudo Orarididieri) obtained from Cave-deposits in S.W. 
Madagascar are exhibited in Table-cases, Nos. 20 and 21. 

The largest of the fossil forms (a restored cast of which is 
placed on a stand in the centre of Narrow Gallery No. V) i» 
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the Testudo from the Siwalik Hills of India. The detached 
fragments of this great carapace are placed in the Wall-case. 
These old land-tortoises, so remarkable for the magnitude they 
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Fig. 57.— Carapace of Chelone (?) Benstedi (ManteU); Lower Chalk, Barham, Kent. 
(Figured in " PhU. Trans.," 1841, pis. XI and XII.) 

attained, had extremely long necks and small heads ; they were 
all vegetable-feeders. 

Several smaller species of Chelonians are also exhibited from 2^^®***' 
the same Indian locality. 




Fio. 58.— ▲, The Skull, and b, the Tail-sheath of the ^reat Horned Chelonian, Miolania 
Oweni (A. S. Woodw.), from the Newer Tertiary deposits of Australia. Much rvduced. 

In Wall-case 11, are placed the remains of a remarkable Miolania 
extinct Chelonian, named Miolania Oweni, from Australia, Oweni. 
having nine horn-like prominences on its sknll, which measured 
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1 foot lOJ inches in breadth. The skull, at first glance, looks 
like that of some flat-headed form of ox ; but the bones are 
altogether dissimilar, and the jaws are without teeth. 

Other remains were sent over in 1880, showing that it 
possessed a tail encased in a homy sheath (see Fig. 68, b), so 
like the armour-plated tail of the great extinct non-banded 
Armadillo (Glyptodon) from South America, that had the tail 
arrived before the head and vertebrae had been received, it 
might well have been cited to prove the former existence of 
the Glyptodon in Australia (see " Phil. Trans." 1858, 1880, and 
1881). Still further evidence of another species of homed 
Chelonians, named Miolania platyceps by Owen, has been 
obtained from a coral sandstone formation on Lord Howe Island, 
700 miles from the coast of Australia, whence the first specimens 
were obtained. 




Fig. 69.— Skeleton of the Logger-head Turtle, ThalassocJielys caretta (Linn. sp.). 



Here are placed the remains of the great Ghelone Hoffmanni^ 
from the Chalk of Maestricht. The Eosphargis gigas, whose 
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head and some other parts of the skeleton may be seen Wall-oase, 
and compared, is from the London Clay of Sheppey, and No. 12. 
represents a still larger form related to the living Leathery 
Turtle. These were true marine turtles, like the " Logger- 
head " Turtle of the present day (Fig. 59). 




FiQ. 60.— Fragment ot Carapace of Paephoderma alpinunij Meyer; Trias, Bavaria 

(1 nat. size). 

The oldest Chelonians known are the Ghelytherium ohscvA'wm^ 
Meyer, and Proganochelys Quenstedti, Baur, from the Triassic 
sandstones, Stuttgart. 

Of the fifty-two genera and one hundred and thirty-one 
species or varieties of fossil Chelonians named in the collection, 
only eighteen genera and ten species can be with certainty 
correlated with living forms ; whilst for the reception of a 
few of the more remarkable extinct forms, such as Miolania 
and Pelobatochelys, special families have been constituted. 



Order IX.— SAUROPTERYGIA. 



In this extinct order the body has no exoskeleton ; the G-allery IV, 
neck is more or less elongated, and the tail short. In the skull ?^?^"io®?*' 
the nares, or nostrils, are lateral and placed near the orbits. tIm'. '^ 
The premaxillae are very large, and there is a well-developed e, 7, 8. 
parietal foramen in the adult. The symphysis of the mandible 
is united by a suture (Fig. 63). The teeth are implanted in 
distinct sockets and confined to the margins of the jaws ; they 
have curved sharp crowns with fluted enamel. Each rib articu- 
lates to a single vertebra ; the facets for the cervical ribs may be 
either single or double, and are situated entirely on the 
centrum. The vertebrsB are amphicoelous (concave at both 
ends). The neck may have as many as from 21 to 44 vertebrsB. 
A few of the vertebrae behind the cervicals have the ribs arti- 
culating partly on the arch and partly on the centrum : these 
have been named pectoral vertebrae. The ribs attached to the 
dorsal vertebrae have the articulation entirely on the arch, 
which generally forms an elongated transverse process. The 
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Fio. ei.'Aiiteiior and left lateral aspects of a cervical rertebra of Cryvtoclidut (f) 
RicJuxrdt<mi (Lydekker) from the Oxford Clay, Weymouth, Dorset, i nat. sixe, 
cOi rib ; pn, prezygapophysis ; j7(«, postzygapophysis. 

caudal vertebrse cany true ribs and also chevron bones. In 
the pectoral girdle, the coracoids unite in a ventral symphysis, 
and the scapulae may also meet in the median line. The limbs 




Fio. 62.— Ventral aspect of the pectoral girdle of PUsiotaurus Hawkinn (OwenX from 
the Lower Lias,Street,Somerset (about i nat. Bize)ost., claviculararch; §e., scapula; 
pcor.^ Tentral (precoracoidal) plate of scapula ; gl.^ glenoid cari^ ; cor., coracoid. 
(In reality the dayicular arch is ir edged in between the extremities of the coracoids.) 

vary, being in some genera adapted for progression on land, in 
others converted into paddles suited for an aquatic existence. 
The humerus and femur are always of considerable length; the 
phalangeal bones are elongated, but no additional digits are 
developed. In habits the members of this order were carnivo- 
rous, and either marine or terrestrial. 
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Plesiosaubidji. — In "Wall-cases Nos. 9 and 10, and in Table- 
case No. 6, are placed the remains of one of our largest marine 
reptiles, the PUosaurus, from the Kimmeridge Clay, near Ely, 
and also from Dorsetshire. "We have no entire skeleton of this 
animal, but the cast of a swimmmg-paddle (the original of 



Pliosauras. 
Wall-oase, 
No. 18. 

Table-case, 
No. 6. 




Fio. 68.— Sauropterygian mandibles, a, Peloneuatet philarchus (Seeley); from the 
Oxford Clay, ^. b, Thaumatosaurtu indicus (Lydekker) ; Upper JoraMic of India, |. 
o, PUsiotaurut doliehodirus (Conybeare); from the Lower Lias, Lyme Begis. 

which is preserved in the Dorchester Museum) measures 7 feet 
in length ; its jaw was 6 feet long, and one of its teeth was 15 
inches in length. It had a shorter neck than the Plesiosaurus, 
but was probably less fish-like in aspect than Ichthyosaurus, 
which latter reptile it outri vailed in point of size. 

In "Wall-case No. 13, and in Table-cases Nos. 6, 7, 8, are 
arranged examples of the extinct group of marine reptiles, the 
Plesiosauria (seeFigs. 64,65,pp.48,49). They are distinguished 5o?^3^d 
at once by the great development of the neck, which is composed Table-cases, 
of numerous vertebrae. The head is comparatively small in Nos. 6, 7, 8. 
size ; the orbits are large ; the limbs being shaped externally 
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Sauropterygia — Plesiosauridce . 



like the flippers of a whale, and made np of 5 fingers, com- 
posed of numerous phalanges. The jaws were armed with many 
Table-oases, simple pointed teeth inserted in distinct sockets. The most 
' ' complete examples ai'e the Plesiosaurus Hawkind, the PL 




Fio. 66.— A tooth of Polyptyehodon 
tnXerruptui (Owen); Oreenaand, Oam- 
bridge. 



Fio. 67.— An upper tooth of 
Pelonev^tes phUarchw (Seeley); 
Oxford Clay, Bedford, \, 




liG. es.—Plesiomurus BawkinH (Owen). Anterior and left lateral aapect of a late 
cervical vertebra, from the Lower JLias of Lyme Begis, Dorset; co, costal facet; 
prz, preaygapophysis; ptt, postiygapophysii. 
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robustus^ the Pl.latic^s, PL macroc&phalus^ all in Case No. 13; 'Wall-case, 
and the cast of the Thaumatosaurus, fixed on the wall of ^^* ^^' 
the East Corridor (No. 3 on Plan), leading to the S.E. gallery, 
which is 22' 0" in length and 14' 0" in breadth, measured 
across its expanded paddles. 




Fio. 69.— Skeleton of Larioaawrua Balsami (Caiioni); Miuchelkalk, Perledo, Lake 

of Como, Italy (^ nat. size ; original in the Munich Museum). 

(See coloured reproduction in frame on wall.) 

In Wall-case 10 are exhibited numerous more or less com- 
plete skeletons of species of the genera GryptocUdus, Murceno- 
saurus, and Peloneustes from the Oxford Clay of Peterborough 
(Leeds Collection). In some cases the bones are so little o-aiieryiv. 
crushed that it has been possible to mount them in their natural aiass-oase* 
position. One nearly complete skeleton of a young Plesiosaur J> centre of 
(probably GryptocUdus) from the same locality has been mounted °^'' 
and placed in a separate case in the centre of gallery. 

5 2 
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Lariosauridm. 



Most of the " Sea-DraT^ons," both the long and the short- 
Decked forms, were obtained from the Lias of Street, Somerset- 
shire ; Lyme Regis, Dorsetshire; Barrow-on-Soar, Leicestershire ; 




Fs^, 70.— Palatal aspect of the cranium of Noikoiaurui mirdbilia (Httnater) ; Miuchelkalk^ 
Qermany (i nat. size), pmx, premazilla; nar, posterior nares; vo, vomer; mx, 
maxilla; paZ^ palatine; pt, pterygoid ; a, ala of same ; 6, quadratic ridge ; ^u, quad' 
rate bone; oe^ occipital condyle. The posterior extremitjr of the palatine was pro- 
bably formed by a transrerse bone, bat the lutore is not visible. (Table-case, No. 1 7.) 

and Whitby in Yorkshire ; or fi'om the Oxford Clay of Peter- 
borough and Weymouth, and the Kimmeridge Clay of Dorset- 
shire; in fact, their geological and geographical distribution 
seem to have been almost identical. 




Table-case, 
No. 7. 



Table-case, 
No. 7. 



Fio. 71.— Bight lateral aspect of the skull of NotJiomurtu miraMlit (Mttnater), reduced; 
fh>m the Mnschelkalk of Germany. 

The Laeiosaubidj), represented by the Italian Lariosaurus 
and the German genus N&usticosaurtLS, appear to connect the 
marine PLBSiosAUEiDiB with the freshwater and terrestrial 
NoTHOSAUEiDiB. The skuU was short, the neck relatively long ; 
the humerus short, the femur elongated, and the terminal 
phalangeals were furnished with claws. 

Casts of Lariosaurus Balsami (Fig. 69) (see coloured cast 
on wall) and two original and nearly entire skeletons of 
Neusticosaurus pusillu^ from the Trias of Stuttgart may be seen 
in the cases. 

In Nothosaurus the skull is long and narrow with the post- 
orbital larger than the preorbital portion and with very long 
and narrow supratemporal fosses ; the upper teeth are numerous, 
and the 5th and 6th maxiUary teeth much enlarged; the 
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xnaDdibnlar sympliysis is of moderate length and bears 5 teeth ; 
the dorsal vertebraB have very short transverse processes. 

Gonchiosaurus is closely allied to NotTwsaurus ; G. clavatus 
was about one half the size of N. mirabilis. 

The genus Mesosaurus, a reptile discovered in the Karoo 
formation, Griqnaland, S. Africa, and since met with in Brazil, 
is included in the same order with Nothosaums. One of the 
most peculiar features in this genus is the separation of the 
fourth and fifth tarsalia, so that each metatarsal articulates 





Fio. 72.-^Ventral aspect of left pectoral limb 
oi Me»oMwru» tenuideru (P. OeiraiB), from 
the Karoo JSjrstem (Trias), Qriqualand West 
fSouth Africa) \, tnt, K, entepicondylar 
foramen of htntietus; r, radius; u, ulna 
(M« Wall- case No^ 8). 



Table-oase, 
No. 7. 



Fio. 78.— Ventral aspect of right hnmems 
of Ciynchiotaurus claitcUui (Meyer) { Miu- 
chelkalk^of Numberg () i^^* size); «n</V 
entepicondylar foramen ;e(, ectepicondylar 
groove. 



with a distinct tarsale. The centra of the vertebraB have a 
notochordal canal, and are small in comparison to the neural 
arches ; while the ribs were anchylosed to the vertebrae, and were 
of great thickness like those of Nothosaums, Abdominal ribs 
were also present. The skull was much elongated, and furnished 
with slender recurved teeth, implanted in distinct sockets. 



Order X.— PLACODONTIA (Plate-toothed Reptiles). 

The genus Gyamodus, from the Muschelkalk of Germany, Cyamodus. 
offers a remarkable modification in its dentition not usually Table-oa«e, 
met with in the reptilian class, but of which the class of fishes ^^' 17. 
affords numerous examples. The skull is as broad as it is 
long, the greatest breadth being behind, whence the sides , 
converge to an obtuse muiszle. The temporal f osssb are the widest 
and the zygomatic arches the strongest in the reptilian class, 
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Plaoodus. 

Table-oase, 
No. 17. 



and the lower jaw presents a similar strong development of tlie 
coronoid process. This powerful action of the jaws for biting 
and grinding relates to the form and size of the teeth, which 
resemble paving-stones, and were evidently adapted to crack 
the shells of Mollnsca, Crustacea, and perhaps Echini also, 
upon which this reptile probably subsisted. 

The upper jaw contains a double series of these teeth, an 
outer, or maxillary series, and an internal or palatal series ; 
but the under jaw has only a single row of teeth. 

Although now admitted to be a reptile, this remarkable 
genus was formerly classed by Miinster and Agassiz as one 
of the Pycnodont fishes. 

Placodics gigas (Agassiz). A closely allied form ; has a more 
elongated cranium with a distinct premaxillary rostrum carrying 
three chisel-like teeth on each side. It has three polygonal 




Fko. 74.— Cjfaniodus {Plaeodus) IcUieeps (Owen). A, palatal aspect; b, frontal aspect 
of cranium ; from the Muschelkalk of Bairenth, Germany* (Table-cane, No. 17.) 

palatine teeth and four or ^ve maxillary ones. The cranium is 
more elevated than in Cyamodus. 



Order XI.— ANOMODONTIA. 



Wall-oases, 
Nos. 8, 9. 



In this order the limbs are adapted for walking. The 

skull is comparatively short ; the quadrate bone is fixed ; a 

Nos! rr^lIT' V^^^^^ foramen is present ; there is one temporal arcade ; 

the nasals are large ; in the palate the pterygoids meet 

together in front of the basisphenoid, which they also 
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join, but diverge anteriorly; the palatine bones are small 
and placed internally to the pterygoids, as in Mammals. The 
dentition is thecodont (teeth placed in distinct sockets), but 
the teeth may be anchylosed to the bone. The vertebrsB are 
amvphicceUms (concave at both ends), and in some cases the noto- 
chord pierces them ; the dorsal vertebrae have long transverse 
processes, and the anterior ribs articulate by double heads. 
Abdominal ribs seem generally to have been absent. Tn the 
pectoral girdle an interclavicle, clavicles, and precoracoids are 
present, and a sternum was probably always developed. 

In the pelvis the pubis is placed in advance of the ischium to 
which it is completely united. The body of the ilium is in advance 
of the acetabulum. The tarsus has one centrale, and the phalangeal 
bones of the manus and pes are typically 2, 3, 3, 3, 3, in number 
as in Mammals ; the whole structure of the foot being Mammalian 
in type. We are led to conclude, from recent researches, that 
these animals are directly descended from the Labyrinth odont 
Amphibians, more especially from the Archegosaurian family. 
They are also related in all probability to Monotreme Mammals. 

This order appe^ars to be confined to the Permian and Trias. 

Sub-order 1. — Procolophonia. 

To the Anomodontia are now referred the small reptiles of Table-case, 
the genus Procolophon, with a short triangular and somewhat ^°* ^'^' 
depressed skull ; their dentition is carnivorous but the marginal 
teeth are all alike and are completely anchylosed to the bone ; 
teeth are also borne upon the vomer and the pterygoids. 
Procolophon presents many points of resemblance to Sphenodon 
and the Bhynchosauridoe. The genus is met with in the Karoo 
Beds (Trias), of South Africa. 

SuB-ORDBR 2. — JDicynodontia (Double Dog- toothed). 

Family DlCTNODONTiDiE. — The Dicynodonts* are a very Dioynodon. 
peculiar family of reptiles from the Trias of South Africa. WaU-case, 
The skull is massive and remarkable in form, and is furnished J^To. 9. 
with a single pair of huge sharp-pointed tusks growing down- Table-case, 
wards, one from each side of the upper jaw, like the tusks in ^^•^^®* 
the Walrus. No other kind of teeth was developed in these 
singular animals; but the premaxillaries was confluent and 
sharp-edged, and formed with the lower jaw a beak-like 
mouth, probably sheathed in horn like that of the Turtles and 
Tortoises. Several species have been described from the Storm- 

* The genuB, Dicynodon^ is so called from ^ta, two, and kwo^oq^ canine 
footh, from the two tusk-like canines in the upper jaw. 
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Dioynodon. 

'Wall-case, 
No. 9. 
Table-oase, 
No. 18. 

Ondenodon. 

Table-oase, 
No. 18. 



Dioynodon, 



berg and Beaufort Beds of the Karoo series of South Africa, 
and the equivalent Gondwana series of Central India. Gor- 
donia and Oeihla^ closely related to Dioynodon, have been dis- 
covered in the reptiliferous sandstone of Elgiu, Scotland, 
which seems to be of Triassic age. 

In Oudenodon both jaws were edentulous ; the maxillae have 
a sharp external beak-like ridge ; the palate has a vomerine 




Dic3modon« 



Table-oase, 
No. 18. 

Endothio- 
don. 



Fio. 75.— Palatal aspect of cranium of Dicynodont from the Karoo series of the Cape of . 
Good Hope, S. Africa. \, jmx, premaxilla ; mx, maxilla ; vo, vomer ; pal^ palatine ; 
pU pterygoid; &«, hasisphenoid ; bo^ baaioccipital : qu, quadrate; trf transverse 
bone? ; p(n, posterior nares.i, Figure much reduced. 

ridge, and the general shape of the skull resembles Dioynodon, 
Several species have been described by Owen, all from South 
Africa. 

Family Endothiodontid^.— This family includes a number 
of large reptiles from the Karoo formation of the Cape, of 
which the genus Endothiodon forms the type. They are dis- 
tinguished from the preceding by the presence of numerous 
teeth on the palate. The skull resembles Oudenodon, but the 
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muzzle is more elongated and tlie nares (nostrils) are terminal 
and are overlixmg by massive nasal bones. The border of the 
jaws has a cutting edge, but the surface of the palate an'l 





Fio. 76.— Lateral Tiews of the skulk of (A), Dicynodon laceHiceps (0wen),'and (A), 
Oudenodon Baini (Owen) ; from the Karoo series. South Africa. Figures much reduced. 

mandible carry one or more longitudinal rows of columnar and 
cylindrical teeth. The palate of Endothiodon is remarkably 
mammalian in type. 



Sub-order 3.— Theriodontia« 

Family Tapinocephalidje. — This family includes remains of 
two large forms from the Karoo beds, South Africn, namely, 
Tapinocephalus and Titariosuchus. Their dentition indicates a 
carnivorous type of reptiles. An imperfect skull, several entire 
limb-bones, and vertebreB are preserved in the Collection. 

Family Gales aubidjj. — Nearly the whole of the typical 
Theriodontia are included in this family. They form a remark- 
able group of carnivorous reptiles, first described and thus named 
by Sir Richard Owen* in reference to the form and order of 
arrangement of the teeth bearing a greater resemblance to the 
dentition of the Mammalia than any other group of the class 

• « Catalogue of the Fosb. Rept. of South Africa," 4to, Lond. 1876. 
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Beptilia, for, as in tHe carnivorous mammals, the incisors are 
separated from the molars hy well-developed canines, and the 





Fio. 77.— Anterior and right lateral aspects of a lumbar vertebra of Tapinocephdhu 
A therstonei (Owen) ; from the Karoo Beds, South Africa. About i nat. size. 

canines of the lower jaw cross those of the upper in front. In 
many of the genera the npper canines are long and trenchant, and 
the incisors large and close together (lAjcosaurus, ^lurosaurus, 
etc.), the molars, as a rule, being smaller than the incisors. In 
most reptiles, living and extinct, the teeth that are worn away by 
use, or otherwise lost, are replaced by others that are constantly 




Fio. 78.— Left lateral aspect of skull of Galemurus planiceps (Owen), f^om the Karoo 
beds (Triassic), South Africa (j nat. size), a, an upper cheek-tooth, and 6, anindsiTe 
tooth. 

forming in the jaws ; but there is no evidence of preceding teeth, 
like the milk-teeth in mammals, nor of successional teeth, in the 
jaws of the Theriodonts. From this negative evidence Sir Richard 
Owen assumes them to have been " Monophyodont " reptiles, 
having but one set of teeth, which were permanent, during life. 
He has described eleven genera, varying in the size and form of 
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tlie skull and teeth. The specimens exhibited have all been 
obtained from rocks of Triassic age in South Africa, and are the 
type-specimens of the species figured and described in the work 
already quoted. 




Fig. 79.-- Anterior view of a dorsal vertebra of NaoMurug claviger (CopeX 
from the Permian of Texas Q nat. size): ce, centrum. 




Fio.V 80.— >Bight lateral aspect of imperfect cranium of ^luraaaurua felinut (Owen) ; 
from the Karoo Beds; Triassic), Beaufort West, South Africa (| nat. size), a, upper 
indsive tooth ; &, upper cheek-tooth, enlarged. 
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Glass-case 
No. I., and 
Table-case, 
No. 17. 



Two very remarkable genera of Theriodonts, Oynognathus and 
Gomphognathtis, have lately been described by Prof. H. Gr. ' 
Seeley. In both the sknll is remarkable for its mammalian 
appearance, that of Cynognathus especially, with its small^'incisors 
and powerful canines, having a striking resemblance to the 
sknll of a Carnivore, such as the wolf. The occipital condyle 
is double, also a mammalian character, and the quadrate is 
much reduced. An imperfect skeleton of Cynognathus crater- 
onotus is exhibited in a separate case in the middle of the gallery. 
Gomphognathus is further remarkable for its broad-crowned 
molar teeth. 




Fig. 81.— ^fliiital aspect of cranium of £inpediaa tnolari* (Cope)» I nat. she-; 
from the Permian of Texas, North America. 



N'aosaurus. 



Family CLEPSTDROPiDiE. — These Theriodonts differ from the 
Galesauridje either in having teeth on . the palate, or by the 
extraordinary character of their dorsal vertebrae, in which large 
intercentra are typically present. These forms all belong to 
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Table-oaae, 
No. 18. 
Empedias. 



the Permian formation of North America. The premaxillary and Gallery, 
maxillary teeth are of unequal size, aa in Oalesaurus, and there ^9;^^ 
are two tusks near the extremity of the dentary bone. In Dime" 
trodon and Naosaurus the neural spines of the dorsal vertebres 
liave an extraordinary development ; the height of the spine in 
one species being more than twenty times the length of the 
centrum. Prof. Cope concludes that these spines formed a kind 
of elevated fin on the back, of which it is di£Bicult to imagine 
the use. In Naosaurus there were horizontal processes on the 
spines of the vertebrsB. This genus has also been recorded 
from the Permian of Bohemia {see Fig. 79, p. 59.) 

Family Diadectidj). — In the Diadectid^, represented by 
'the genera Diadectes, Empedias, and Uelodectes, the teeth are 
. transversely elongated, and are also divided by a median vertical 
ridge, but both the inner and outer sides are equally low. They 
are believed to have been herbivorous in diet. 

These genera are characteristic of the Permian of North 
America ; see Figs. 81 and 82, Empedias molaris (Cope). 

Family BoLOSAURiDiE. — Another closely related form, re- 
ferred to the family of BoLOSAURiDiB, named Deuterosaurus, is 
found in the Permian of Russia (Fig. 88). 





Fio. 82. — ^Lateral and palatal view of posterior 
tooth of £mpedias mola7<8 (Cope) ; Permiim, 
North America. 



Fio. 83.— -Lateral view of a premolar 
of DetUerosaurusbiarmicus (Eicfa- 
waldX ^m the Upper Permian of 
Bussia. 



A tooth has been obtained from the Klaroo beds of South 
Africa closely resembling in general characters the anteiior 
teeth of Deuterosaurus. It has been made the type of the 
genus Olaridodon, 



SuB-oBDEB 4.— Pariasauria. 

In this sub-order are placed th6 remains of several other Wall-oaae, 
genera of Anomodonts. Ti^fcinclnde Pariasaurus, Anthodon^ Table-JS^ 
and Fropappvs^ from thjer^^riMgi^ Jepositg of South Africa. Ko. 18. ' 
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Pariasaurus. 63 

Pariasaurus bombidens was obtained by Mr. Bain from the Gullery, 
reptiliferous Triassic sandstone near the Winterberg, Cape ?°* ** 
Colony. The teeth are close-set, fused with the bone ; they ^ *g^ '*^' 



resemble those of the Iguanodon in their mode of implantation, aiassx 
and those of the Scelidosaurua in their close arrangement and "■• 
nearly uniform wear. The degree of abrasion indicates, as in WaU-case,. 
the Iguanodon^ that they were applied to the mastication of ' 

vegetable substances. 

Fifteen or sixteen teeth are closely set on each side of both 
the upper and lower jaws. As in man, there is no diastema in 
the dental series, no one tooth is longer than the rest. But 
there is still greater uniformity in the teeth of this ancient 
reptile. There is absolutely no character by which to separate 
the incisors, or canines, or false or true molars. All the teeth 
are equally worn, and show by their abraded border that they 
have taken an equal share in the pounding as well as the crop- 
ping of the vegetable food upon which the animal subsisted. 
It may be added that the palate also bears several rows of small 
teeth. 

The animal measures fully nine feet in length, and the 
shape of its skull and jaws are remarkably like those of the 
Labyrinthodont Batrachia, 

Two examples of the skeleton of Pariasaurus are exhibited 
in a glass-case (marked K), at the west-end of Gallery, No. 4, ^ 

A still finer skeleton of another species, P. Baini (Seeley), 
from the Karoo Formation of Tamboer Fontein, Cape Colony, 
is placed in Glass-case L. (Fig. 84). 

Professor Seeley concludes that this very remarkable and 
Amphibian-like reptile is a direct descendant from the Laby- 
rinthodonts ; the chief affinities to that group being displayed 
in the characters of the skull, in the notochordal canal, and the 
large arches of the vertebree, as well as in the characters of the 
pectoral and pelvic girdles. The latter features, together 
with the general structure of the palate, being identical with 
those of typical Anomodonts, there appears every reason for 
referring this family to a sub-order of that group. 
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Amphibia. 
Gftllery, 
No. 4. 
Table-oases, 
Nos. 22 and 
28. 



Class 4.— AMPHIBIA. 

In Wall-case No. 11, and in Table-cases Nos. 22 and 23, are 
placed the fossil Amphibia or Batrachia (Frogs, Toads, Newts, 
and Salamanders). These animals are distinguished from trae 
reptiles by the fact that the yoting undergo certain metamor- 
phoses after leaving the egg. In this stage of their exist- 
ence they breathe by external gills, which are occasionally 
retained along with internal Inngs in the adult animal. The 
limbs are sometimes all absent, or one pair may be wanting. 
When present, they have the same bones as in the higher 
animals ; they are never converted into fins. The skull has two 
occipital condyles and often a persistently cartilaginous basi- and 
supra-occipital. The suspensorial apparatus of the mandible 
is continuous with the skull. Teeth are commonly present on 
the premaxilla, maxilla, vomer, and the dentary bone of the 
mandible. They are usually anchylosed to the bone and are 
simple in structure ; but in the Labyrinthodonts they are more 
complex. There are never more than two vertebrae coalesced to 
form the sacrum. The tail is usually comparatively short. The 
centra of the backbone are sometimes found to be unossified, 
forming a mere ring of bone, the interior being gelatinous. 
This form of backbone is called " Notochordal," and is cha- 
racteristic of the oldest forms belonging to this group met 
with fossil in the Coal Measures, such as the Anthracosaurus^ 
Arcliegosaurus, and the Triassic Labyrinthodonts. 

Order I.— ECAUDATA. (Tailless Batrachia, Frogs and 

Toads.) 

The body of the adult is short, destitute of a tail, and furnished 
with four limbs, of which the pelvic pair are the larger and 
adapted for leaping. There are no gills in the adult. Skull 
short and wide, with the parietals confluent with the frontals, 
and the orbits usually undefined ; prsBsacral vertebras few in 
number, and generally procoelous; there is only one sacral 
vertebra, and the vertebral column terminates in a long urostyle ; 
dorsal ribs are usually absent. Ilia prolonged backwards, so as 
to throw the acetabulum far behind the sacrum ; radius and ulna, 
and tibia and fibula respectively fused together, calcaneum and 
astragalus elongated. Four digits in the hand and five in the 
foot ; an additional ossicle in the pes may represent the prehallux. 

The tailless Batrachia (frogs and toads) do not date back 
further in time than the Upper Eocene. 

A form allied to the European genus Bomhinator occurs in the 
Upper Miocene of Switzerland and the Middle Miocene of 
Sansan, France. Another genus Bufavus, occurs in the Middle 
Tertiary of Italy. Pelobates is found in the Miocene of Sansan, 
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^nd Protopelohates in that of Bohemia^ The extinct family of TabU-oata, 
FaUeobatrachidoB has teeth in the npper jaw and no ribs ; it was ^^' ^^' 
widely distributed over the continent of Europe in Miocene Batraohia; 
times, and was represented by a single genus PaUBohatrachus^ Toads! 
and more than a dozen species from various localities. 

The true toads, Bufonidm^ have no teeth or dorsal ribs. 
Existing species of the genus Bufo occur in the European and 
Indian Pliocene deposits. J5. Chsneri from the Upper Miocene 
of Switzerland agrees closely with the living B. viridds. Dr. 
Filhol records the type-genus from the Upper Eocene Phos- 
phorites of France. 

The huge Geratophrya comuima, or Horned Frog of Brazil, 
occurs in the Cave deposits of that country; and the genus 
Latoma in the Miocene of Switzerland. 

The BanidoB, or true frogs, have teeth in the upper jaw and 
the extremities of the sacral ribs are not expanded. Species of 
Bana are found in the Norfolk Forest Bed, in the Pleistocene 
of Sardinia, the Miocene of Sansan ; two are from the Brown 
Coal of Rott, near Bonn, others from the Upper Eocene Phos- 
phorites of Caylux, France; several forms occur in the Middle 
Tertiary of Italy, &c. 

Order II.— GAUD ATA. (Salamanders, Ac*) 

In this order the body of the animal resembles that of a Wall-case, 
Lizard, or is still more elongated like that of an Eel ; in some ^^* ^^* 
there are four limbs present, in others only the anterior pair are Jo^28?***' 




Fxo. 85.— The great Fossil Salamander MeffalobatrachitsiOryptobranehiu) SeJieitehzeri 
(HollX from the Upper Miocene, (Eningen, Switzerland. 

developed. The external gills of the larva are occasionally 
retained in the adult animal. Hylceobatrachus is found in the 
Wealden of Belgium and may be an ancestral form allied to the 
ProteidcB but distinguished by the presence of a maxilla and of 
five digits to the feet. (The only specimen known is in the 
Brussels Museum.) 

In the family of Amphitimiidoe is placed Megalohatrackus 
(1876) 6 
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{Gryptobranchus) represented by the gigantic Salamander (M^ 
maavmus) of China and Japan, with which we may probably 
include the large Salamander from the Upper Miocene of Oenin- 
gen, Switzerland, originally regarded as the remains of a fossil 
man, and described by Scheuchzer as " homo diluvii testis,** the 
man who witnessed the Deluge ! 

Gryptohranchus Tschudii (Meyer) a much smaller form than 
(7. maxirmis, but with a skull of nearly the same form, is from 
the Miocene Brown-coal beds of Rott, near Bonn, in the 
Siebengebirge. 

The true Salamanders lose their gills when adult, but in 
some individuals of Amblystoma they are persistent. The 
existing crested Newt (Molge cristata) is found in the Norfolk 
Forest-bed, other representatives occur in the Middle and Lower 
Miocene of Europe. Ghelotriton is found in the Lower Miocene 
of AUier ; Heliarchon in the Brown Coal of Bonn ; and Megalo- 
triton in the Upper Eocene Phosphorites of Central France. 

Order III.— LABYRINTHODONTIA. 

In this order the body is long and lizard-like (occasionally 
snake-like) in form, with a tail, the pectoral limbs shorter than the 




Fio. 86. — Magtodoruaunu giganteu* (JaegerX 
irom the Lettenkohle {Lowest Keaper) of 
Wtbrtemberg ; about \, Frontal aspect of 
the ciymium with the sculpture omitted ; 80c 
supraocdpital; Bp. epiotic; P, parietal; 
8qi squamosal; £T, supratemporal ; Q./, 
quadratojuffal; /u, Jugal; P(, postfrontal; 
PtO^ postorhital; IV, frontal; Pr.F, pra- 
frontal; £, lachrymal; Na^ nasal; Mx^ 
maxilla; the premaxilla has no letter. 
(After E. Fraas.) 



Fio, 87.— Palatal aspect of cranium of Ma$to^ 
doMau-nu giganteut (Jaeger) ; from the 
Lowtr Keuper of Wtinembeiig. (After 
Miall.) 
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pelvic pair ; the feet pentadactyle. Sk all with the temporal region Wall-oase, 
completely roofed over by the post-orbital and supra- temporal ^o* H* 
bones ; with a parietal foramen. Teeth pointed, having a large Table-oasea, 
pulp-cavity and the dentine simple or plicated. Vertebrae amphi- ^®** ^^» ^®' 
ccelons; they may be imperfectly ossified, and a notochordal 
canal is often present. A bony thoracic buckler on the ventral 
aspect. Bony scutes frequently present on the ventral aspect 
of the body. Teeth are generally present on the palatines and 
vomer and more rarely on the pterygoids. There is generally 
an ossified sclerotic ring. 




Fie. 88.— Frontal aspect ot cranium 
of CapUosaurua robtutru (Meyer); 
Middle Keuper (Upper Trias), near 
Stuttgart, Wttrtemberg. Letters as 
in Fig. 86. (§ nat. size.) 



Fig. 89. — Frontal aspect of the cranium 
of Metoposaurus diagriosticus 
(Meyer) , Upper Trias, near Stutt- 
gart. Letters as in Fig. 86. (^ 
nat. size.) 



The Labyrinthodonts were frequently of large size; the 
dentine of the teeth was usually plicated ; the cranial bones were 
deeply sculptured and usually marked by numerous mucus- 
•canals. 

The Labyrinthodonts range from the Carboniferous to the 
Trias, and were especially abundant in the Permian epoch. 

One of the largest of these forms is the Mastodonsaurus 
giganteus (Jaeger), from the Keuper of Wiirtemberg, the skull 
•of which measures a yard in length, and broad in proportion ; 
the snout is obtuse, the nares are oval and widely separated ; 
the orbits are oval, but narrow in front, and are some distance 
in advance of the parietal foramen i^see Fig. 86). 

6 2 
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'Amphibia — AnthracosauridcB, 



OapitosoAJi/rus and Metoposaurus occur in the Upper Trias of 
Stuttgart ; in the former the orbits are elliptical, and approxi^ 
mate to the parietal foramen ; in the latter they are oval, and 
situated in the anterior half of the skull, and widely separated 
from one another. (Figs. 88, 89.) 




Fio. HO.—Loxomma Allmani (Huxley). Frontal aspect of cranium with the sculpture 
omitted; from the Carboniferous of Northumberland. About |, PF, prefrontal, 
other letters as in Fig. 86. (After MiaU.) 

In the Anthracosauridce, represented by Loxomma, the skull 
is vaulted with a broad and somewhat spatulate muzzle ; the 
length of skull being about 14 inches by 9 inches in breadth. 
In this family the vertebral column is fully ossified in the 
adult ; the teeth are deeply infolded ; the mucus-canals 
between the orbits and the nares form a lyre-shaped pattern, 
known as the lyra ; and the ventral surface of the body typically 
has a covering of bony scutes. 

In Wall-case 11 is placed a very beautifully preserved 
skull of a Labyrinthodont from the Coal Measures of Shrop- 
shire, referred to Loxomma Alhnani (Huxley). The specimen is 
preserved uncrushed and shows the natural contour of the skull 
and lower jaw, admirably preserved in clay-ironstone. It was 
presented by George Maw, Esq., F.L.S., P.G.S. 

This family comprises Baphetes, from the Carboniferous of 
Nova Scotia ; Anthracosaurtcs and Loxomma, from the Lower 
Carboniferous of Burdiehouse, near Edinburgh, and the Coal 
Measures of Lanarkshire and Northumberland; Macrom^um, 
from Bohemia; Eosaurus, from Nova Scotia; Nyrania, from 
Bohemia ; Ichthyerpetvm, from Jarrow Colliery, Elilkenny ; Den- 
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drerpetum, from the Coal Measures, Nova Scotia; Brachyops^ Table-oases 
from the Permian, Mangali, India ; Bothriceps and Micropholisj ^** ^* •^'* 
from Sonth Africa. 




Fig. 91 . — Bothrieepa Huxley i (Lydekker;. Frontal aspect of the skull ; from the 
Karoo system of the Orange Free State, South Africa. |. 

In Bothriceps the surface of the cranium is closely and 
irregularly pitted ; the orbits are placed near the middle of the 
skull. This small skull measures about 2^^^ iu-ches in length, and 
2 in breadth. It was obtained from the Karoo beds (Triassic ?) 
of South Africa, 

In the Diplospondylidce the verfcebree, at least in the caudal 
region, consist of an anterior centrum carrying the neural arch, 
and a posterior intercentrum to which the chevrons are united. 
These intercentra correspond with those of Glepsydroys among 
the Anomodontia, the type of structure being known as em- 
bolomerotf^s. 

In the ArchegosauridcB each vertebra of the trunk, in Tri- 
uneroroAihis and Archegosanrus, consists of four portions,* namely, 
a basal intercentrum (hypocentrum), a pair of pleurocentra, See Table- 
and a neural arch. This is known as the rJiachitomous type of <^**®» ^®« ^8, 
vertebra. These are Labyrinthodonts of moderate size, having 
cylindrical teeth of varying size with only slight infoldings of 
the dentine ; the upper surface of the skull being pitted ; the 
supra-occipitals ridged ; a ring of bones is usually developed in 
the sclerotic ; the ventral surface of the body is always covered 
with scutes. This family is evidently the most primitive one 
of the entire group. 

** See Fig. 94, infra, p. 71, Tert^bra of JSttchirosauruSf illustrating this 
rhichitoiilbus type of yertebra. 
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Amphibia-^Archegosaurus, etc. 



The genus Archegosaurus, represented by A. Becheni (Gold- 
fuss), from the Lower Permian " Rothliegendes" of Saarbriick, 
Rhenish Prussia, is particularly well represented in the Col- 
lection by a i*emarkably good series of examples. This genus 
is confined to the Permian formation, and may be taken as 
the type of the family. The skull is nearly twice a« long as 
it is broad, with elongate-oval orbits, and situated very far 
back ; length of skull 11 inches. (See Fig. 93, p. 71.) 

In Actinodon the skull is short and wide, with tbe circular 
orbits placed in the middle of the length ; the nostrils are large 
and widely separated ; the muzzle is broad. A skull of this 
species is preserved in the Collection on a slab of shale from the 
Lower Permian of Autan, Sa6ne-et-Loire, France, and a cast of 
an entire skeleton from the same locality, presented by Prof. 
A. Gaudry, is exhibited in the Wall-case. 

GochleosauTUs, Oaudrya, Chelyomurus, and Sparagmites, are 
Labyrinthodonts from the Permian Gas-coal of Bohemia, dis- 
covered and described by Dr. Fritsch, of Prague. Trimerorhachis 
is from the Permian of Texas. Eryops occurs in Texas, and 
perhaps also in South Africa. Bhytidosteiis is from the Orange 
Free State (see Table-case, No. 22); and PholidogaMer from 
the Lower Carboniferous of Edinburgh. 




Fig. 92.-^Actinodon lalh'oatris (Jordan, sp.)- —Frontal aspect of the cranium, with the 
sculpture omitted; frem the Lower Permian of SaarbrUck. | Pt.F,, postfrontal, 
Pm.T, premaxilla ; other letters as in Fig. 86 (p. 66). 
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aculptUTfl dmitteds from tbe Rottiliejrenatifl (Ldwor PennlaE) of SftarbfUck- About k 
Fm^, premuxill!!; A^j, iimiUlft; Na, noaal ; In, lachrriiiBl: Fr, frontal ^ Pf, pns- 
froDtal; ?(ij pfljietal^ pff^ pcvscfmqta!; /*tO, poat-orMlal; /w, Jugpil; e*/^, tiualrato- 
Jaeal; %a^tiaiiiDSftl: ^^ supratifiqpora] ; Rp^epionm SO. siipmuccipital, (^iw 
MixiU.} 



i'-'^-i 




FtQ, 04. — At Left laEeral oRpeci ; U, poKterlcirjifipetrt of avrrtubra of HurhiroKaurut Roihii 
(Gaadry), rrQin the L«>wc^^ Permian of France, n, Niuiral apJn^ witli l&lera.] expan- 
Bians, itf; j^auture butweeti spina and arcb ; ««, pricey isrsipt) phy ai p ; jt/>, pontKynapo- 
phyefa; (j[, traiiEiT^rtic proco9!t; c^ rib fjicet ; cr, n&uml L^aiial ^ j>, intem^ntruiD ; plct 

pluurDCi'tttrflfil'iiMnitiTiff the rhachitcimoiis typp of vi.irti*!iirHV f,-4/'f^' Gtf/fr/rv.) 
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Ko. 82. 



SuB-OBDER l.-^Microsanria. 

This sub-order contains a number of salamander-like forms 
of LabyrintKodonts referred to the family Urocordylidoe^ and to 
the genera Urocordylusy Ceraterpetum, Lepterpetum, from Kil- 
kenny, Ireland, and from Bohemia. Lim/nerpetwn, from 
Bohemia, occupies a family by itself. The HylonomidcB include 
HyhnomuSj Seeleya, Bicnodon, Orthoplewrosaurus, all from the 
Gras-coal of Bobemia. Microhrachis, also from Nyran, Bohemia, 
occupies a distinct family. Most of these are represented by 
electrotypes of the original fossils, the shales in which they 
occur as fossils being chai^ged with pyrites, which rapidly 
decompose. 



Wall-oate, 
No. 11. 

Table-oase, 
No. 22. 



SuB-OBDER 2. — Aistopoda. 

In this sub-order the body is snake-like without legs, and 
there is neither a pectoral nor pelvic girdle ; the centra of the 
vertebrflB are elongated, and the neural spines aborted. It 
includes DolicTiosoma and Ophiderpetum (Huxley) from the coal 
of Ireland and the Permian of Bohemia. 



Table-oase, 
No. 22. 
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SuB-OBDEB 3.— -Branchiosatiria. 

These are short-tailed salamander-like Labyrinthodonts 
with barrel-shaped centra, and a notochordal canal through 
their vertebrw. 

The family Apatbonidjj includes Mdanerpetum from Bohemia ; 
and the family Pbotbitonid^ the genera Protriton of Gaudry^ 
from the Lower Permian of Autun, and Bohemia, Sparodus and 
Da/iV8onia also from the last-named locality. 

Among doubtful Labyrinthodonts may be recorded here, 
Lepidotosaurus Buffii from the Middle Permian of Midderidge, 
Durham. Some of the Ichnites (Footprints) were doubtless 
made by Amphibians ; they are mentioned under that head in 
Gallery No. 11 (see infra, p. 73 of this Guide, Pig. 95). 



FOOTPRINTS.— GALLERY No. 11. 

Pootprlnts. Wall-cases Nos. 8-10 are occupied by a fine series of Foot- 

prints and impressions mostly found in Sandstone of Triassic 
age. Attention is directed to the large slab from near Greenfield, 
Massachusetts, which is covered with impressions supposed to 
be . the footmarks of bipedal reptiles ; these tracks are called 
''Ichnites-'* 
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The Ohevrotherium footprints in Wall-case No, 10 are exceed- 
ingly fine; they occur chiefly in the Triassic Sandstones of 
Cheshire. 

Wall-oases, Nos. 11-13, contain a continuation of the 
Saurian Collection. No. 11 is devoted to the Genus Plesio- 
saurus, Nos. 12 and 13 to Ichthyosaurus, Many of these speci- 
mens have been figured and described by Hawkins, SoUas, f^JS^JJjf* ^^' 
and others. In Widl-case, No. 13, is a very complete and 
perfect specimen of Ichthyosaurus tenuirostris fix)m the Lower 
Lias of Street, Somersetshire, presented by Alfred Gillett, Esq. 
(see Frontispiece) . 



Gallery 
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Fio. 95.— Footprints of Ckeirotherium Barthi (Kaup, sp.), Banter sandstone, Keaaherg, 
near Hildburghausen, Germany (reduced). 
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FOSSIL FISHES.— GALLERY No. 6. 



As the varied layers of sandstone, limestone, and clay, which 
compose the greater part of the superficial crust of the earth, 
have been accumulated as sedimentary deposits in lakes, 
estuaries, and seas, one would naturally expect that, of the 
Vertebrate division of animals, the remains of Fishes would 
be most frequently met with in these formations ; and such 
is in fact the case, although, from their fragmentary state, it 
is not always possible to determine their precise systematic 
position. 




Fio. 96.— The " Lancelet,'* Brawhiogtmna (AmphioTnu) laneeolatum (recent), a, moath ; 
e, Tent; 6, abdominal pore. 

Some fishes have no hai*d structures capable of fossilization, 
and such is likewise the case with most of the lower notochordal 
forms — the ** Sea-squirts " and the " Lancelets " — ^which seem 
to connect the Vertebrata with the subkingdoms of Invertebrata. 
The little " Lancelet " {Branchiosioma)^ for example, has only a 
membrano-cartilaginous skeleton without vertebrae, ribs, or 
jaws (Fig. 96) ; while the ordinary Tunicates, or " Sea-squirts," 
are equally destitute of any but the most perishable tissues. 

Marsipobrancliii. 

The modem lampreys and hag-fishes also possess no hard 
structures capable of fossilization, beyond the minute homy 
teeth (Figs. 97, 98). Technically speaking, in fact, they are not 

Fia. 97. Fig. 98. 




Fio. 97.— The '^Hac-flsh," Myxlne auttralis (recent). 97a, Lower aspect of head. 

976, A sinnfle detached tooth of Myzine. 
Fis. 98. — Mouth of Lamprey, Pett'omyzon JluvitUiliti showing drcnlar arrangement of teeth. 
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Fishes (Pisces), being destitute both of a lower jaw and paired 

fins. There is now, however, reason to believe that these animals 

are the degenerate descendants of a class which once possessed 

not only a hard internal skeleton, but also dermal armour of a 

very varied kind. The small Palceospondylus Qunni (Fig. 99), Table-case 

for example, from the Lower Old Red Sandstone of Caithness, ^<>- ^' 




Fig. 99.—Palatt9pondylui Guwni^ Tmq. Old Bed Sandstone ; Caithneas. 

has a skeleton in all essential respects like that of a lamprey, 
but well-calcified, and with ring-vertebrse. The little tooth-like 
bodies (Fig. 100), named " Conodoiits"by Pander, have also been 

Fig. 100.—" Conodonts " from the Cambrian (after Dr. G. J. Hinde). x 10 times. 



compared with the denticles of lampreys and hag-fishes ; but 
instead of being chitinous or homy, they consist of phosphate 
of lime, and thus cannot be satisfactorily determined. These 



76 



Ostracodemnu 



fossils are exclusively PalsBozoic, and were first discovered in 
the Cambro-Silnrian and Devonian formations of Russia and 
North America* 



Table-cases, 
Nos. A, B, 
and Wall- 
case, No. 4. 
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Ostracodermi. 

The armoured notochordal animals which possessed neither 
lower jaw nor paired fins, and are hence now supposed to be 
related to the lampreys, are found only in Upper Silurian and 
Devonian rocks. They were for a long time erroneously 
classified with Goccosteus and its allies (see p. 96) under the 
name of " Placodermata " (plate-skinned animals), but are novr 
distinctly separated from the latter and grouped under the 
name of Ostracodermi (shell-skinned) or Ostracophoei (shell- 
bearers). The head and anterior portion of trunk are covered 
with plates ; while there are remains of median fins, and often 
also scales, in the caudal region. No traces of the internal 
skeleton have been found, and the notochord must have been 
persistent. 

There are three groups of Ostracoderms distinguished by 
the structare and arrangement of the anterior shield. Firstly, 
there are the Heterostrad (anomalous-shells), comparatively 
simple, of which the plates exhibit no bone-cells in their tissue 
and comprise three superposed layers — an inner " nacreous " 
layer of lamellae, a relatively thick middle zone of polygonal 
chambers, and an outer hard layer of vascular dentine. 
Secondly, the Osteostraci (bony-shells), also with simple shields, 
which exhibit bone-cells in part at least of their tissue. 
Thirdly, the Antiarcha, of which the shields comprise many 
symmetrically disposed plates, are provided with a pair 
of lateral appendages, and likewise exhibit bone-cells in their 
tissue. 

The earliest known fish-like shield belongs to Cyathaspisj a 
member of the Heterostraci. One specimen has been recorded 
from the Wenlock Limestone of the Island of Grothland in the 
Baltic Sea, and a ventral shield (originally named Scaphagpis 
ludemis) has been found in the Lower Ludlow of Leintwardine, 
Shropshire. Gyathaspis Bankd occurs in the Upper Ludlow 
^' Bone-bed " and Downton Sandstone. The typical Heteros- 
tracan genus, Fteraspis (Figs. 101, 102), has a dorsal shield com- 
of seven pieces; — a rostrum, a large median disc, a 




Fio. 101.— SeBtoration of Fteraapi* rottrata^ Ag.— Lower Old Bed SuidBtone ; Herefoidthira, 
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posterior median spine, an anterior lateral pair of plates pierced 
by the eyes, and a posterior lateral pair pierced by openings 
from the gill-chamber. There is a single ventral shield, and 
the tail in Fteraspis is also proved to have been scaly. All the 
Heterosfcracan shields are ornamented externally with very fine 




Fio. 102.— Bestoration of shield of Pieraxpi* rostrata^ Ag.,upper aspect (after Lankester).— 
Lower Old Bed Sandstone; Herefordshire. 

concentric lines of vascular dentine. They are typically Lower 
Devonian, and the largest specimens scarcely ever exceed six 
inches in length. 

So far as known, the Osteostrad are almost confined to the 
Uppermost Silurian and the Lower Devonian rocks, only one 
specimen having been found in the Upper Devonian (Canada). 
The typical genus is Oephalaspis (Fig. 103), represented in the fp-we-oadi s 
Collection by the finest known specimens from Forfarshire and uoa. A, B. * 
Herefordshire. Special attention may bo directed to the unique 
group of G&phalaspis Murchisoni from the Lower Old Red Sand- 
stone Passage Beds of Ledbury, Herefordshire, presented by 
George H. Piper, Esq., F.G.S. The head-shield is rounded or 
tapering in front, truncated behind, and the eyes appear close 
together in the middle ; its outer tuberculated layer is usually 



rV^^ /-7../ J r- 
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Fio. lOB.—CephaUupU Murchitonit Egert. ; L. Old Bed Sandstone (Passage Beds), Ledbury, 

Herefordshire. 

removed, and then the middle layer is exposed with its coarse 
network of blood-vessels. A pair of small flippers at the back 
of the shield are probably not fins, but connected with the 
aeration of the gills. The body is covered with rings of bony 
scutes ; there is one dorsal fin ; and the tail is distinctly hetero- 
cercal. In Auchenaspis and Didymaspis some of the body-rings 
are fused together immediately behind the head-shield. Trema- 
taspis is a remarkable allied geznzB-^" v 
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Ostracodermi. 



Wall-case, Fterichthys (Fig. 104) and Bothriolepts are the best-known 

Table-case ^^™^^s of the Antiarcha, which are exclusively Devonian. 
No. B. ' 




Fio. 104,— Pterichthyt Uatudinarius.Ag.; restored by Dr. B. H. Traquair, from the dorsal aspect 
(A), ventral aspect (B), and lateral aspect (C). In the last figure the caudal fin is omitted. 
The donble dotted lines indicate the grooves of the sensory canal system ; and in the 
trunk, the tldck lines represent the exposed borders of the plate, the tUn line showing: 
the extent of the overlap, a., anconeal; a.d.2., anterior dorso-lateral ; a.m.d., anterior 
median dorsal ; a.v.Ly anterior ventro-lateral ; ag.^ angular ; ar.y articular ; c, central ; 
«.<., extra-lateral (or operculum); 2., lateral; i.occ, lateral occipital; m., marginal; 
m.oce., median occipital ; m.v., median ventral ; mn.^ mental ; i>m., premediui ; p.d.l., 
posterior dorsolateral ; p.in.d.^ posterior median dorsal ; p.v.l., posterior ventro-lateral . 
pf.m., post-median ; «.{., semilunar ; t., terminal. Lower Old Bed Sandstone, Scotland. * 



These are particularly noteworthy for the pair of jointed 
appendages fixed to the antero-lateral angles of the body-armour. 
Fterichthys has a scaly hinder region, a dorsal fin, and a hetero- 
cercal tail, and is represented by a beautiful series of specimens 
from the Lower Old Red Sandstone of Scotland. The finest 
examples of Bothriol&pis were obtained from the Upper Devonian 
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of Scaumenac Bay, P.Q., Canada, but its tail has never been 
found, being probably scaleless. Asterolepis is an allied genas. 



Class 5.— PISCES. 

The true fisbeR all possess a lower jaw and complete or 
rudimentary paired fins. They are most commonly divided 
into the subclasses or orders of Elasmobbanchii (sharks, rays, 
and chimaeras), Dipnoi (mud-fishes), Ganoidei (enamelled- 
scaled fishes), and Teleostei (bony fishes). This arrangement, 
however, was originally based chiefly on a study of the fishes 
now existing; and more recent investigations among extinct 
fishes have shown that it cannot be maintained. The limits of 
tbese groups are indicated by the brackets to the right of the 
table on the next page, which explains the system of classifica- 
tion adopted in the Collection. 

In tracing the fishes through the successive ages of the past, 
it is interesting to note the close correspondence between the 
history of the race and the history of an individual tnodem Tele- 
ostean, at least in one point — ^the structure of the tail. All the 
older members of the class either had the extremity of the body 
straight and tapering, with the fin equally developed above and 
below (Pig. 105), or there was a slight upward bend of the verte- 
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Fig. 105.— Diphycercal. 
PrimitiTe form. 



Fig. 106.— HeCerocercal. 
Ancient Form. 



Fig. 107.— Homocercal, 
Modern form. 



bral column, with the lower lobe of the tail-fin much larger 
than the upper (Pig. 106). In later fishes, the upturned end of 
the body in the unequally-lobed tail has become more and more 
abbreviated, and the rays of the fin have gradually become so 
disposed that to all external appearance the tail has assumed per- 
fect symmetry (Fig. 107). Sach changes are precisely repeated 
in the embryonic history of a living Teleostean, in which the 
' tail is first pointed, then upturned, and then externally sym- 
metrical. 
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Classification op Fishes. 

Sub-class I.— ELASMOBRANCHII. Jaw-apparatus"' 
suspended from skull ; no operculum ; dermal 
armour without bone-tissue .. .. ^. 
Order I. — Pbosblachii. Paired fins supported by 
parallel rods of cartilage ; no ctaspers in 
male .. 
Order II. — Ichthyotoki. Pectoral fins supported 
by cartilages radiating from central axis ; 
claspers in male 
Order m. — Acakthodii. All fins except caudal 
with spine in front, and cartilages yery 
short ; no claspers . . 
Order lY. — Sblachii. Pectoral fins with two or 
three basal cartilages and no central axis ; 
claspers in male 
Sub-orders. Tectospondyli and Asterospondyli 
SUB*CLASS n.— HOLOCEPH A LI. Jaw-apparatus fused 
with skull ; an opercular membrane ; dermal 
armour without bone-tissue 
Order I. — Ghimaboiobi. Fins as in Selachii . . 
Sub-class III. — DIPNOI. Jaw-apparatus fused with'' 
skull; an opercular bone; dermal armour 

often with bone-tissae 

Order I.-— Sibknoidbi. Scaly fishes with paddle- 
shaped paired fins, these supported by a 
segmented axis • • . . . . . . ^ 

Order II.— Abthbodiba. Armoured fishes, the 
head-shield hinged on body-shield ; paired 
fins rudimentary . • 
Sub-class IV.— TELEOSTOMI. Jaw-apparatus sus- 
pended from skull ; an opercular bone ; dermal 
armour often with bone-tissue . . 
Order I.^Cbossoptbbyoii. Paired fins paddle- 
shaped and fringed with fin-rays . . 
Sub-oirders. Saplistia, Rhipidistia, Aetinis- 
tia, and CladUtia 
Order II. — Actiitoptbbygii. Supports of paired 
fins much shortened and dermal rays 
chiefly supporting membrane 
Sub-orders. — Chondroatei, Protaspondyli, 

Aetheospondyliy Ifospondyli (in part)^ 
laospondyli (continued), Plectospon-'^ 
dylif NematoffnathiySaplomifApodeSf 
Anacanthinif Fercesooes, PharyngO' 
ffnathi, Fercomorphit Lophohranchiif 
Hemibranchiiy and Flectogn<Uhi • • 



Elasmobranchii 

or 
Chondropterygii. 



• GhinoideL 



Dipnoi. 



Teleostei. 
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Sub-class I.— ELASMOBRANCHII. 



The true fishes begin with the sub-class of Elasmobranchii 
(laminated or plate-like gills). In these the cranium itself is 
not divided into any distinct tracts by sutures or ossifications, 
and the two foremost of the *^ visceral arches " (cartilaginous 
rods in the walls of the alimentary tube), which are modified 
as jaws and hyoid cartilages, have a very slight connection with 
it. The jaws are mainly suspended by the upper element of 
the hyoid arch (the "suspensorium") and by a ligament in 
front ; or there is sometimes (e.g, in Cestradon and Notidanus) 
direct contact either behind or in advance of the eye (see Fig. 118, 
p. 88). The axial skeleton of the trunk varies from a primitive 
persistent notochord to a well-calcified vertebral column, com- 
posed of distinct centra. The giUs are pouch-like, and there 
are five (six or seven) distinct clefts on each side, which 
are exposed, having no " gill-cover," or operculum. The body 
is provided with median and paired fins, the hinder pair being 
abdominal. 

In the majority of the Elasmobranchs, the extremity of the 
vertebral column is slightly turned upwards, and the lower 
lobe of the caudal fin is much larger than the upper, producing 
a '* heterocercal " tail. In some, however, like Squatina and 
several of the Rays, the terminal portion of the body is straight, 
and the fin equally developed above and below, upon the " diphy- 
cereal " or " protocercal '* plan. 

The skin is usually covered more or less closely by numerous 
small detached plates or granules of dentine, with tubercles or 
spines (Fig. 108) scattered over the whole surface of the integu- 
ment, commonly known as " placoid scales." When very small 




Fio. 108.— Dermal taberdes of Elumobranch Fishes. 
X, shagreen of Dog-fish {Qinglymoit(ma\ enlarged ; &, shagreen of Blue Shark 
(OxrcAaruM), enlarged ; e, shagreen of Spinj Dog-fish (jDerUrophorui)^ enlarged ; 
c2, dermal tubercles of Spinj Shark {Echinorhinw)^ nat. size; «, tubercle of Ray; 
/, dermal tubercle of Greenland Shark {LomarguB borealu)^ enlarged; g, 
shagreen of Sting-ray (Urogmnnus), nat. size. 

(1876) 7 



WaU-oases, 
Nob. 1 to 3, 
and Table- 
oases, XToB. 
26 to 82. 
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and close set, as in the Dog-fish, this dermal covering is called 
" shagreen." 

Those of the Elasmobranchs with lateral gill-clefts are 
commonly known as *' Sharks " (Fig. 109), while those with 
depressed body and ventrally placed gill-clefts fall under the 
denomination of " Rays" (Fig. 110). There are many inter- 
mediate forms, however, which it is impossible to distinguish in 
a fossil state. 




Fio. lOa.— Port Jackson Shark, Cettracion PhUippi, Lac^p., <roin Aostnilia. 
«p', anterior dorsal spine ; tp", posterior dorsal spine. 

From the perishable nature of their skeletal parts, it is obvious 
that the palsDontological history of these fishes is most difficult 
to decipher. In the majority of instances, the fossils consist 
merely of detached spines, shagreen-granules, teeth, or pieces of 
cartilage ; and it is often impossible to correlate these unsat- 
isfactory fragments, so that the difFerent parts of the same 
species not unfrequently receive even distinct generic names. 




Fio. 110.— The Bay (Raja Murrayiy GUntber), from Kergeulen's Island. 
A, dorsal aspect; B, part of yencral side ; «p., spiracle; &r., gill clefts; m., mouth. 

Wall-case Sometimes, however, complete fishes are met with, and many 
No. 3. beautiful examples are shown from the Lias of Lyme Begis, the 

Lithographic Stone of Bavaria, and the Upper Cretaceous of 

Mount Lebanon. 
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The first table-case on the left and the adjoining wall-case are 
filled with numerous spines and other dermal appendages of 
cartilaginous fishes, perhaps mostly Elasmobranchs, which 
cannot yet be precisely determined; they are conveniently 
grouped together as Ichthyodorulites (" fish-spine-stones "). [See 
Fig. 111.] 

The earliest evidence of the sub-class is placed here, namely, 
the dorsal fin-spines from the Ludlow Bone-bed (Upper Silurian) 
and the Old Bed Sandstone, bearing the name of Onchus, 
Gtenacanthus is founded upon dorsal spines from the Carboni- 
ferous. The huge Oracanthus pustulosus {Fhoder acanthus) y three 
feet in length, from the Carboniferous Limestone of Bristol, is 
the largest ichthyodorulite known ; and there are also triangular 
paired spines of considerable size from the same formation, 



Wall-case, 
No. 1. 



Table-case, 
No. 25. 




Fio. HI.— Spines of Elaflmobranch and Chimffiroid Fishes, 
a, Acartihias (recent) ; &, Callorhynehtu (recent) ; c, JUachcerManthiu (Devonian) ; 
df Hyhodui (Jurassic); e, AsUrcuxLvUhui (Jarassic); /, Squalaraoa (Lias); 
g. Gffracanthus (Carboniferous); A, Bdestes (Carboniferous); t, Pleuracanthus 
(Carboniferous). 

which are named Oracanthua Milleri, and provisionally associated 
with several flat dermal plates having a corresponding orna- 
mentation. Spines of Edestes (Fig. IWh) occur in the Car- 
boniferous of N. America, Australia, and Russia, and are 
remarkable for their curvature and the great size of the posterior 
denticles ; the latter are in the form of serrated teeth, and led 
their first discoverer. Prof. Leidy, to conclude that the fossils 
were fragments of jaws. Oyracanthus (Fig. lllg) occurs abun- 
dantly in the British Carboniferous, and is represented both by 
the well-known paired spines (with an ornament of angulated 
ridges, and ordinarily abraded extremity), triangular dermal 

7 2 
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Froselachii — Ichthyotomi. 



bones, and shagreen granules : the teeth probably bear another 
name. Acondylacanthus resembles the spine of a Bay ; and 
Eriamacanthus and Lispacanthus are very snggestive of the 
rostral spine of male Chimeeroids. 

These ichthyodornlites show that the earliest Elasmo- 
branchs differed very much from the existing members of the 
sub-class. The fact is further emphasised by the discovery of 
several Elasmobranch skeletons of Devonian, Carboniferous, 
and Permian age, which show that at least three extinct orders 
are represented. 

Order I. — ^Froselachii. 



Table-case, 
No. C. 



The first of these orders is that of the Proselachii^ 
represented only by Oladoselache, from the Upper Devonian 
of Ohio, U.S.A. This is a notochordal shark without spines or 
armour, except a ring of plates round the eye ; its paired fins 
are mei'e balancers supported by parallel rods of cartilage, and 
the teeth are identical with the detached Palaeozoic teeth 
provisionally named Gladodus. Only fragments are exhibited. 



Wall-case, 
No. 3. 



Table-ca se^. 
No. C. 



Order II. — Ichthyotomi. 

The second order, that of the Ichthyotomi, is known by 
numerous tolerably complete skeletons from the Carboniferous 
and Lower Permian. Fine examples of the typical genus 
Fleuracanthus (Fig. 112) are exhibited from the Lower Permian 
of Rhenish Prussia, Silesia, and Bohemia. The isolated spices 
of Fleuracanthus and the teeth known as Dzplodus from the 




Fig. 112. — PUuracanthus Qaudryi^ Brongn. (restoration by C. Brongniart) ; Coal-measures, 
Commentry, France. 

British Carboniferous, especially Coal-measures, are also placed 
here. Like the Proselachii, these sharks are notochordal ; but 
they differ in having paddle-shaped paired fins, supported by a 
more or less branching arrangement of cartilages. The median 
fins are very extensive, and there is usually a median dorsal 
spine fixed at the back of the head. There is reason to believe 
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that some of the teeth named Cladodus also belong to this 
order. 

Order III.— Acanthodii. 

The Acanthodii form perhaps the most remarkable extinct Wall-oase, 
order of Elasmobranchs* They are small fishes exclusively No. 3, and 
confined to Palaeozoic rocks, ranging from the Lower Devonian nosI^D^^?"' 
to the Lower Permian. The tail is heterocercal, and each of 
the fins, except the caudal, is armed in front with a formidable 
spine, though in itself a mere membrane without cartilage 
supports beyond the base. The eye is often surrounded by a 
ring of plates, and the teeth when observable are fused with the 
border of the jaws. There is no hard operculum, and the trunk 
is covered with minute, quadrangular, shining scales; the 
slime-canal of the " lateral line " passes between two series of 
the latter. Acanthodes (Fig* 113), from the Carboniferous of 




Fig, 113.— Acanthodea Wardi^ Egevt.; Coal-measures, Staffordshire. 

Scotland and England, and the Lower Permian of Germany, 
is the typical genus, and is represented in the cases by numerous 
nearly complete fishes. The beautifully preserved Mesacanthus, 
from the Lower Old Red Sandstone of Scotland, and the Upper 
Devonian of Canada, is almost identical. Glimatius, from t)\e 
Lower Old Red Sandstone of Scotland, is remarkable for its 
broad spines, of which three or four pairs are fixed along the 
body between the pectoral and pelvic fins. BiplacantUus and 
Parexus, of corresponding age, are also remarkable. 



Order IV. — Selachii. 

The order of Selachii, or sharks and rays proper, also 
seems to have been represented in the Palaeozoic Era, though 
there is no conclusive evidence of its existence before the Lias. 
It is characterised, among other features, by the structure of 
the paired fins, which are always supported by large cartilages, 
but never exhibit the branched arrangement seen in Plev/racan-i 
thus, having either two or three basal pieces. The " Rays " are 
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destitute of an anal fin, and their vertebrae, wlien fully devel- 
oped, are strengthened by concentric layers of calcified tissue ; 
they are hence named Tectospondyli (covered- vertebrsB). The 
" Sharks and Dog-Flshes " always exhibit an anal fin, and when 
the vertebrae are strengthened, radiating plates predominate over 
concentric plates; they are thus known as Asterospondyli 
(star-vertebrae). It is impossible as yet to make any satisfac- 
tory anangement of the ancestors of these two sub-orders 
which are destitute of vertebrae, or have them only incom- 
pletely formed. 

Sub-order I. — Tectospondyli. 

The Spinacidae, or spiny dog-fishes, of the present day are 
supposed to be little-modified descendants of the early ancestors 
of the rays ; but they are scarcely known among fossils. Well- 
preserved fishes which seem to belong to the existijig genera 
Acanthias and Gentrophorus, are exhibited from the Upper Chalk 
of Mount Lebanon. The Petalodontidae, of Carboniferous and 
Permian age, may perhaps be related to the Spinacidae, but they 
are only known by fragments, chiefly teeth. Fetalodus and 
Folyrhizodus are Lower Carboniferous, while Janassa is both 
Carboniferous and Permian. The existing Squatinidae date 
back to the Lower Kimmeridgian, fine examples of Squatina 
being known from the Lithographic Stone of Bavaria (Figs. 114, 
115). Detached teeth are exhibited from the English Cretaceous, 
Eocene, and Pliocene Formations. The IMstlophondae are 
insignificant as fossils, and the Pristidae are represented 
only by the Cretaceous ScUrorhynchus and by fragments of 
FrisUs'Wke "saws'* from the Eocene and later deposits. 
8clerorhynchu8 atavus is a remarkable fish from the Upper 
Chalk of Mount Lebanon, with the "saw" scarcely more 
developed than that of a FHstiophorus, Numerous "Rhino- 
batidae, apparently identical with the existing Bhtnohatus, occur 
well-preserved in the Lithographic Stone of Bavaria and 
France, and in the Upper Cretaceous of Mount Lebanon. The 
fine slab of Rhinohatus (Spatholatis) hugesiacus affixed to 
the wall between Wall-cases Nos. 2 and 3, is particularly 
worthy of examination. The Rajidae and Trygonidae are 
also represented by numerous fine specimens from the Upper 
Chalk of Mount Lebanon, there being apparently Baja itself 
and a small extinct sting-ray named Gyclohatis. Torpedos 
occur in the Upper Eocene of Monte Bolca, near Verona, but 
are not represented in the Collection. 

The Carboniferous teeth named Fsammwdv^ and Gopodus may 
belong to a family of devil-fishes, related to the modern 
Myliobatidae, but their relationships are very uncertain. They 
are always found detached, and a large series is exhibited from 
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Fi&, 114. Fig. 115. 




Fio. \li.—8qwUina aJlAfera^ MOiut. sp^ (after Fraas), Lithographic Stone (Upper Oolite), 

Bavaria. 

Fio. \\b.^8q%Miina speeiosa, Meyer ; Lithographic Stone (Upper Oolite), Bavaria. 

a, mandibular cartilafce ; 6, pectoral arch ; c, pectoral fln ; d, pelvic arch ; e, pelvic fin. 




Fio. 116.— JawB of Male (A) and of female (B) Thomhack Skate, Raja eUvcttai showing the 
remarkable variation in the dentition which they exhibit. 
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the Carboniferous Limestone of Armagh, Ireland. The well- 
known teeth of Ptyehodus from the Chalk are proved to belong 
to a large ray probably of the Myliohatis type, by specimens 
both in this Museum and in the Brighton Museum. The arrange- 
ment of the teeth in the jaws is shown in Pig. 117. Typical 
portions of the dentition of Myliohatis occur abundantly in the 
English Eocenes ; and the largest known specimen (M, Fentoni) 
is exhibited from the Lower Tertiary of the Mokattam Hills, 
Cairo, Egypt. Aetohatis and Bhinoptera are also Eocene. 




Fio. 117.— Diagram of arrangement of teeth of Ptifchodus decutrem^ Ag.; English Chalk. — 
A, npper jaw ; B, lower jaw. 



Sub-order II.— Asterospondyli. 

Of the Asterospondyli or Sharks, the NotidanidsB are 
perhaps the most primitive surviving family* They are repre- 
sented only by five or six species at the present day, and are 




Mi/ 

Fio. 118.— Skull of Ifotidanust side Tiew (after Wiedersheim)^ 
pq pterygo-quadrate cartilage (upper jaw); md^ mandibular cartilage; nit, nasal 
capsule ; or6, orbit; r, rostrum ; to<, vertebral column ; t^t postorbital articuia- 
tion of the upper jaw with the cranium. 

noteworthy both on account of the primitive character of their 
skull and backbone (Fig. 118), and for the possession of six or 
seven gill-clefts instead of the usual five. Whole skeletons of 
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Notidanus are known from the Lithographic Stone of Bavaria Tabl©-oa«e 
and the Upper Cretaceous of Mount Lebanon, but there are N6. 27. 
none in the Collection. Numerous teeth are shown from 
Jurassic, Cretaceous, and Tertiary Formations, and it is note- 
worthy that the largest and most complex teefch are those of the 
latest deposits (Fig. 119). The CestraciontidsB are also primi- 




«g^iili 



Flo. 119.— Teeth of Notidanus gigas^ Sism.; Red Crag, Suffolk. 

ti ve and represented only at the present day by the Port Jackson 
Shark (Gestracion, Fig. 109, p. 82). Their extinct representa- 
tives are extremely numerous. As in Gestracion (Fig. 120), the 
majority of the teeth are always adapted for crushing, though 




Ji 3. 120.— Jaw of Port Jackson Shark, CftWwion Philippi (recent). 

some in front are prehensile and many are cuspidate. Their 
variation in different parts of the mouth is thus so great, that 
it is often almost impossible to name detached fossil teeth. As 
in Gestracion^ also, each of the two dorsal fins is invariably pro- 
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vided with an anterior spine. Tlie Carboniferous sharks, 
8;phenacanthu$ and Tnstychius, with cuspidate teeth and ribbed 
dorsal fin-spines, are probably to be placsed here ; so also are the 
fine teeth from the Carboniferous Limestone named Orodus. 
Eybodus, ranging from the Muschelkalk to the Wealden, has a 
persistent notochord, cuspidate teeth, and ribbed dorsal fin- 
spines (Fig. 123); many specimens, presumably males, are 

Fi&. 121. Fia. 123. 




Fig. 122. 




Fio. 121.— A, Bpine of Lepraeanthus Colei, Owen ; Coal-measures, Ruabon, N. Wales ; 

B, a portion of tbe spine enlarged, to show tbe external ornamentation. 

Fig. 122.— Teeth of Acrodus Anningue^ Ag. ; Lower Lias, Lyme Begis. 

Fio. 123.— Dorsal spine of Hyhodus ; Wealden, Sussex. 

further provided on either side of the head with two large 
barbed booklets, each fixed on a broad base, and these were 
originally named Sphenonchtis by Agassiz. who supposed them to 
be the teeth of a distinct fish. The skull much resembles that 
of Notidanus, and the teeth in some species are also very similar 
to the early forms of the last-named genus. The finest speci- 
mens of Hyhodi(^ exhibited, were obtained from the Lower Lias 
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of Lyme Regis and the Wealden of Pevensey Bay, Sussex. '^^^^A^qS* 
Palceospinax, from tlie Lower Lias of Lyme Begis, and the ®'' '• * 
Upper Lias of Wiirtemberg, is a small fish with smooth dorsal 
fin- spines and simple constricted vertebrse; Synechodus, of 
Cretaceous age, is almost identical. Acrodus, ranging from the 
Muschelkalk to the Gault, only differs from Hyhodus in the less 
cuspidate character of its teeth (Fig. 122). Asteracanthus, with 
a dentition commonly named Strophodus (Fig. 124), is proved by Table-case 
specimens in the collection to diffei* only from Acrodus in the No. 29. 
pattern on its teeth and fin-spines. Fine examples of its head- 
spines {Sphenonchus) , from the Oxford Clay of Peterborough, 
are exhibited ; while a jaw in a block of Great Oolite from Caen, 
Normandy (Fig. 124), is unique. It will be observed that the 
front prehensile teeth in Hyhodtcs, Acrodus, and Asteracanthtis 
(^Strophodus), are relatively larger and less numerous than those 




Fig. 124.— Jaw of ^ateracaniAiw {StrophoduiraedixM^ Owen); Great Oolite, Caen, Normandj. 

of Gestradon. The latter genus seems to range from the Upper 
Jurassic to the present day. 

An interesting Carboniferous family of which little is known Table-case, 
beyond the dentition, is that of the Cochliodontidee, apparently ^®* ^^• 
closely related to the Cestracionts. Their jaw is arranged 
somewhat like that of Gestracion, but the several series of 
lateral teeth are each represented by a single plate, coiling 
inwards by growth at the outer edge. Gochliodus (Fig. 125) 
is the typical genus, and StrehloduSy PseplioduSy Sandalodus, 
Fcedlodus, etc., are very similar forms. Many of the teeth 
named Helodus pertain to the symphysis of the jaw of these 
fishes ; and in one genus, Pleuroplax, from the Lower Carboni- 
ferous and Coal Measures, such teeth are only imperfectly fused 
together in the plates. 
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WaU-case, "^^^ ScylliidaB range from the later Jurassic upwards. 

No. 8, and They are represented in the Bavarian Lithographic Stono^ by 
^a-We-case, Palceoscyllium, in the Upper Chalk of Mount Lebanon by 



Wall-oase, 
No. 3, and 
Table-oases, 
Nob 26 and 
27. 




Fio. 125.— Teeth of Cochliodua contortw^ Ag. ; Carboniferous Limestone, Armagh. 



Mesiteia^ and in the English Chalk by Gantioscyllium, Teeth 
of the existing Ginglymostoma are exhibited from the Eocene. 

The LamnidaB and Carchariidse are the characteristic sharks 
of modem times, but are very rarely found fossil except in the 
form of detached teeth, vertebwe, and portions of calcified carti- 
lage. To the Lamnidae may be assigned the fine examples of 
Scapanorhynchvs from the Upper Cretaceous of Mount Lebanon, 
which exhibit a dentition identical with that of Odontaspis, but 
differ in the remarkable elongation of the snoat and in the 
ai'rangement of the fins. To the Carchariidea belong several 
fine fishes from the Upper Eocene of Monte Bolca, near Verona, 
of which there are no specimens in the Collection. A large 
series of detached teeth is exhibited, but it is impossible to name 
and arrange them satisfactorily, owing to the variation of shape 
always occurring in one and the same mouth. Lamna (including 
Otodus, in part) and Oxyrhina seem to range from the Cretaceous, 



Fig. 126. 



Fig. 127. 





Fig. 126.— Tooth of (hlontattpU eUgans^ 
Agassiz ; London Cflay. 



Fig. 127.— Tooth of Carehui-odon megalodath 
Agassir ; Suffolk Crag. (One-third nat. sire.) 



while Corax is the tooth of an extinct member of the LamnidsB 
of the same age. Odontasjpis (Fig. 126) is Tertiary and Recent. 
The Jurassic Orthacodtcs may even belong to this family. The 
teeth of CarcharodoTij however, are the most interesting of such 
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fossils, those named Carcharodonmegalodon (Fig. 127) having an 
almost world-wide distribution. Specimens are exhibited from 
New Zealand, Australia, South Carolina, the West Indies, 
France, Spain, Italy, Malta, and Arabia, as also from the 
Antwerp and Suffolk Crags. The CarchariidsB are almost, i£ 
not exclusively, Tertiary, and only a small collection of teeth of 
OaleocerdOy Carcharias, Hemipristis, etc., is exhibited. 

It may be interesting to add that in some places, both in the 
Atlantic and Pacific (especially at extreme depths in the red-clay 
areas), the " Challenger " dredged up many teeth of Sharks and 
ear-bones of Whales, all in a semi-fossil state, and usually im- 
pregnated with oxides of iron and manganese. The Sharks' 
teeth belong principally to species believed to be extinct, and 
resemble those found fossil in the late Tertiary formations. 



Sub-Class n.— HOLOCEPHALI. 

Order I. — Chimseroidei. 

The ChimsBras resemble the Sharks in many important ^ail-caae. 
features, but, in the skull, the upper jaw is fused with the No. 8, and 
cranial cartilage, not suspended by the upper part of the hyoid Table-case, 
arch. The skeleton is wholly cartilaginous, and the notochord 
is tolerably persistent, the vertebrae being represented by mere 
slender rings. In the two living genera, there is a strong 
spine in front of the dorsal fin : the gill-clefts are covered by a 
fold of skin, so that only a single external opening is observed : 
and the dentition consists of four plates above and two below. 

Teeth of Bhynchodus and Palmomylus from the Devonian of 
North America, and of Ptyctodus from the Devonian of Russia, 
are the earliest fossils hitherto definitely referred to this sub- 
class, but there are no examples in the Collection. The early 
Jurassic family of Squaloraiidse is represented by the unique 
genus Squaloraja, of which several fine specimens are exhibited 
from the Lower Lias of Lyme Regis. The trunk is shaped 
like that of a narrow skate of the family Rhinobatidse, and the 
rostral spine in the male is long and slender ; there is no dorsal 
fin-spine. Another Jurassic family is that of the Myriacan- 
thidee. Myriacanthus itself, also from the Lower Lias of Lyme 
Regis, is represented by , numerous fragmentary specimens. 
One slab of M. granulatvs shows the dorsal and rostral spines, 
and a produced snout resembling that of fche existing Callo- 
rhynchus. The dentition (originally named Frognathodus) is 
remarkable for a median chisel-like tooth in front of the lower 
jaw. The long dorsal spine is covered with tubercles, which 
are often pointed and thorn-shaped. The still-surviving family 
of Chimesridee is first represented by teeth of Oanodus and 
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Ischyodus in the Stonesfield Slate, and the latter genus ranges 
upwards to the Upper Cretaceous. Nearly complete skeletons 
have been found in the Lithographic Stone of Bavaria. Eda'- 




Fio. 128.-~Lower Jaw of Edaphodon leptognathus, Ag. ; Middle Eocene, BracUeBtum Bay, 

Sussex. 

phodon (Fig. 128) and Elasmodus are Cretaceous and Eocene; 
Ghimcera dates back at least to the Pliocene. 

Sub-Class III.— DIPNOI. 
Order I.— Sirenoidei. 

Wall-caae, The typical Dipnoi (double-breathers) are so named because 

No. 5, and jj^ their livins: representatives the air-bladder assumes the 
34^ ' function of a lung, and thus furnishes them with a second 




Fig, 129.— Skeleton of the African Madflsh, Protopterm annectenst liring in the Bivera of 

Africa. 

means of respiration. They are a nearly extinct raise, only 
three forms now surviving, namely, Protopterus in Africa (Fig. 
129), Lepidosirenin. South America, and Geratodus (Epiceratodu») 
in Australia (Fig. 130). 



Fio. 180.— '* The Australian Mudfish/* Ceratodtu Forsteri (recent), Australia. 

The notochord in these fishes is always persistent, and the 
tail is diphycercal or heterocercal. There are two pairs of 
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nostrils more or less within the mouth (Fig. 131, «) ; and the 
dentition (Fig. 131) consists of a pair of ridged plates above 
and below, usually with a pair of incisor-like vomerine teeth 
above. An ordinary bony operculum covers the gill-cavity. 
The paired fins are acutely lobate, supported by a central 
jointed cartilaginous stem fringed with radial cartilages and 
dermal fin-rays. 

The earliest Dipnoi are Lower Devonian. Dipterus (Fig, Wall-case, 
132) is beautifully preserved in the Caithness flagstones, Stbie-case 
and exhibits two dorsal fins, a heterocercal tail, and enamelled jr©. 34. ' 
scales. Phaneropleuron (Fig. 133) occurs in the Upper Old Red 
Sandstone of Dura Den, Fifeshire, and Scaumencbcia in the 
Upper Devonian of Canada. Oienodus is characteristic of the 
Carboniferous and Lower Permian, and is met with both in 
Europe and America. All these genera are characterized by 
the roof of the skull exhibiting more numerous bones than 
that of the living Dipnoi. The teeth of Ceratodus occur in 
early Mesozoic strata in Europe, India, South Africa, and 
Central North America; but only one important skull has 




Fig. 131.— Month of CercUodiis. nn^ narial openings ; «, vomerine teeth; xxi palato-pterygoid 
teeth ; xxxt mandibular teeth. 

been described, this from the Rhaetic of Austria, A fine series 
of teeth is exhibited from the Rhsetic of Aust Cliff near 




Fig. 132.— 2)ip««ru« ValendenneH, Sedgw. and Murch. (restored by C. H. Pander); Lower Old 
Bed Sandstone, Scotland. 
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Bristol, and from the Trias (Lettenkohle) of Wiirtemberg. 
The characters of the sknll of Ceratodus in the Mnsenm of the 




Fio. 133. — Phanet-opleurmi Andti'Moni^Uaxl, (restored by I>r. B. H. Traquair); Upper Old 
Bed Sandstone, Dura Dm, Fife. 

Austrian Geological Survey, Vienna, suggest that the early 
Mesozoic fish i^as generically distinct from the living fish 
similarly named from the Qneensland rivers. 

Obdeb II.— Arthrodira. 

The Coccosteus'iike fishes have already been mentioned 
(p. 76) as originally classified with the Ostracoderms in the 
un-natural and artificial group of '^ Placodermata." In them 
the head and anterior portion of the trunk are armoured with 
bony plates, and the head is movable with respect to the trunk. 
In all the satisfactorily-known genera, there is an elaborately- 
formed joint between the hinder angles of the head-shield and 
a rounded process of the antero-lateral plates of the trunk ; an 
arrangement unique among fishes and referred to in the name 
Abthbodiba (joint-neck) now given to this group. The principal 
upper teeth are fixed on the bones of the roof of the mouth ; the 
lower jaw comprises only one bone on each side. The notochord 
must have been persistent, and the paired fins are rudimentary^ 
or absent. 

The Arthrodira are only provisionally placed among the 
Dipnoi, on account of the very striking resemblance between 
their dentition and that of certain mud- fishes, also because they 
seem to have possessed a skull of the same type. 

Coccosteus (Fig. 134) is the best-known Arthrodiran, and 
a fine series of specimens is exhibited from the Lower Old Red 
Sandstone of Scotland. There is also a unique head-shield 
from the Upper Devonian of Scaumenac Bay, P.Q., Canada. 
The eyes form notches in the head-shield ; there seem to be 
premaxillse, and there is one large plate upon the cheek which 
inay be maxilla or suborbital, or both. The teeth are stout 
and conical, in one close series on the mandible, clustered on the 
palate . A pair of dermal plates occupies the position of clavicles ; 
and the basal supports of the pelvic Sus are often distinct (Fig. 
1 34) . There is a membranous median dorsal fin, and the tail may 
have been either diphycercal or heterocercal. 
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Homosteus (Hugh Miller's "Asterolepis of Stromness ") is 
a very similar fish, with toothless jaws and the eyes within the 
head- shield. Plaster casts of the shields of Homosteus Milleri 




Fio. 134. — Coccosteus decipiens, Ag. ; Lower Old Bed Sandstone, Scotland. 

from the Caithness flagstones are exhibited on the pillar 
"between Wall-cases Nos. 4 and 5. There are fragments of 
other species from the Devonian of Livonia, E/iissia. Heterosteus 
is a gigantic fish from the Devonian of Livonia, with a great 
bony process from the body-shield extending forwards on each 
side of the head. 

Dinichthys is a still larger Arthrodiran from the Upper 
Devonian of Ohio, U.S.A. Its dentition (Fig. 135) much 
resembles that of the recent Protopterus. 



-^^^ 



Wall-case, 
No. 4. 





;x^i;2S^,>, 



Fio. 135.— Jaws of JHnichthyi ; Devonian, North America, 



Sub-class IV.— TELEOSTOMI. 

These are fishes with a bony armour or bony skeleton, or 
both ; with the margin of the month completed by membrane- 
bones ; with the more or less ossified cartilages of the upper 
jaw suspended from the skull by the upper part of the hyoid 
arch (hyomandibular) ; and with a bony operculum covering 
the gill-cavity. The name of the sub-class Teleostomi (com- 
plete-mouth) refers to the ossification of the margin of the 
jaws. 

Nearly all the Devonian representatives of this sub-class 
have lobate paired fins fringed with dermal rays, and are thus 
named CROSSOFrERYGii (fringe-fins). A single Devonian genus, 
Cheirolepis, belongs to a higher order which began to replace 
the Crossopterygians in the Carboniferous period, and which 
is named Actinoptertgii (ray-fins) because hero the lobe is 
insignificant and the enlarged dermal rays support almost or 
quite the whole of each paired fin. 

(1876) 8 
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Crosso^terygii. 



Order I. — Crossopterygii. 

Wall-cases ^^^ fringe-finned fishes, or Crossopterygians, are now 

Nos. Sto?' almost extinct, being represented only at the present day by 
and Table- Polypterus (Fig. 136) and Galamoichthys of the African rivers, 
case, o. . j^ ^j^g Devonian and Carboniferous periods they existed in 




Fig. IS6.— PolypUrtLs bichv\ living in the Nile, Gambia, etc. 
a, pectoral fin ; 6, pelvic fin ; c, anal fin. 

larore numbers and in much greater variety. HoloptycMus (Fig. 
137) is an Upper Devonian genus from Scotland and Russia, 
with long and acutely- lobate pectoral fins, obtuse ly-lobate pelvic 




Fig. 1Z7. —Holoptf/chius ; U. Old Bed Sandstone, Fife«hire (restored by Huxley), a, paired 
pectoral fins ; 6, pelvic fins ; c, the anal fin ; d, anterior dorsal fin ; e, posterior dorsal fin. 

fins, and thick, round, deeply overlapping scales. Glyptolepis, 
from the Lower Old Red Sandstone of Scotland, and apparently 
from the Upper Devonian of Canada, is a nearly identical 
genus. Glyptolcemus (Fig. 138), from the Upper Old Red Sand- 
stone of Dura Den, Fifeshire, has more obtuse pectoral fins and 
rhombic scales. Osteolepis (Fig. 139), Diploptorus, Thursius 
(Devonian), and Megalichthys (Carboniferous and Lower Per- 
mian) are another group of genera with enamelled rhombic 




Fig. l38.—Oli/ptolcemiu Kinnairdi, Huxl. (restored by Huxley) ; TJ. Old Bed Sandstone, 

Scotland. 
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scales and obtnsely-lobate paired fins. Bhizodopsis is represented 

by small species in the Carboniferous, Wiizodus and Strepsodus 

by comparatively large species. A fine series of remains of Wall-case 

Rhizodus Hihh&rti and B. omattis, from the Lower Carboniferons No. 6, 

of Scotland, is exhibited in Wall-case N"o. 6. 




Fig. IZd.—Osteolepis niacrolepidotux, Ag. (restored by C. H .Pander) ; L. Old Red 
sandstone, SCx^tland. 



The CoelacanthidsB (hollow-spines) are the most remarkable Wall-case, 
Crossopterygians, ranging almost unchaDged from the Lower m^^7' ^^^ 
Devonian to the Upper Chalk. Their name refers to the cir- uo, 36. ^^' 
cumstance that the spines of the backbone are only superficially 
ossified and so appear hollow when fossilized. The head-bones 
and opercular bones are much reduced, and the tail is produced 
into a small terminal extension. The air-bladder is ossified. 
The trunk is covered with thin, deeply overlapping scales. 




Fig. UO.—Undina (Holophagus) gulo, Egert. ; L^wer Lias, Lyme Regis. 



•Codacanthus is Carboniferous and Permian ; Undina (Fig. 140) 
is Jurassic, and beautiful specimens are exhibited from the 
Lower Lias of Lyme Regis ; Macropoma is Cretaceous, and 
xepresent/ed by the unique collection of Dr. Mantell besides 
later acquisitions from the English Chalk. 

.. ■-"■•■ . 8 2 
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Order II. — Actinopterygii. 

Sub-order I. — Chondrostei. 

The earliest known ray- finned fishes are the PalsBoniscidoe, 
represented in the Devonian by Cheirolepis, They exhibit a 
very imperfectly ossified skeleton with heterocercal tail ; and 
they must have had a persistent notochord. In their most 
fundamental characters they agree with the modern sturgeons, 
and are thus classed in the same sub-order (Chondrostei). 




Fio. 141.— Ganoid scales of Elonichthys striatum, Ag. sp. ; Carboniferous. 

Nearly all of them, however, are covered with regular series 
of scales, which are usually rhombic and united by a 
peg-and-socket articulation (Fig. 141). Elonichthys, Bhadi- 
nichthys, and Oonatodus are the commonest Carboniferous 
genera; Falceoniscus (Fig. 142), Acrolepis, AwhlypteruSy and 
Pygopterus are Permian ; Gyrolepis is Triassic, and Atherstonia 
is represented by a fine specimen from the Karoo Formation 
(probably Triassic) of Cape Colony; Oxygnathus and Platy- 
siagum are Liassic ; and Goccolepis ranges from the Lias to the 
Purbeck Beds. 

The PlatysomidsB are deep-bodied fishes closely related to 
the PalaeoniscidsB, confined to the Carboniferous and Permian. 
Eurynotas (Fig. 143) is Lower Carboniferous ; Gheirodus 




Fio. 142.— PaftconwciM inacropomiSj Ag. (restoration by Dr. R. H. Traquair) ; 
Kupferschiefer, Germany. 

and Mesolepis are best known in the Coal Measures ; Plafysomus^ 
(Fig. 144) is both Carboniferous and Permian. 
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These fishes all have strongly heterocereal tails, but there 
is one family (that of Catopteridse) in the Trias, in which the 




Fig, liZ.—£iiri/notus crenovtus, ARassiz (restoration by Dr. E. H. Traquair) ; " Cement- 
stones," Carboniferous Series of ScoUand. 

tail is hemi-heterocercal and the rays of the dorsal and anal Wall-case, 
fins are nearly as few as their supporting cartilages. They are Jo. 8, and 
represented by JDictyopyge, from Europe, North America, and ij'o?^4a**^' 
Australia, and by Catojpterus from North America. They are 
^a distinct link between the Chondrosteans and the great 
majority of Mesozoic fishes. 

Here are also placed the BelonorhynchidsB, which are 
elongated fishes with much-produced snout, diphycercal tail, 
and the tinink only armoured with four longitudinal rows of 
scutes — one dorsal, another ventral, and one along the course of 
the " lateral line " on each side. Skeletons of the small Belono- Table-case, 
rhynchus striolatus from the Upper Trias of Raibl, Carinthia, ^®* ^^• 
and fine skulls of larger species from the Lower Lias of Lyme 
Regis and the Upper Lias of Wiirtemberg, are exhibited. 




Fio. lii.—Platysomua ah'iatv.s, A^ssiz (restoration by Dr. R. H. Traquair) ; Magnes'an 
Limestone, Durham, 
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The KhsBtic teeth named Saurichthys belong to a very similar 
fish. 

The Chondrosteidae, represented by Ghondrosteus (Fig. 146) 
from the Lower Lias of Lyme Regis, perhaps also by the 
gigantic Gyrosteus from the Upper Lias of Whitby, are inter- 
mediate between the PalaBoniscideB and the modem sturgeons. 
The fine specimens exhibited show that the skeleton is identical 
with that of the stnrgeons (Fig. 145), and that the jaws are 
reduced and toothless ; but the roof of the skull and the develop- 
ment of the branchiostegal rays more closely resemble the 
corresponding parts in Palseoniscids. 

A few dermal scutes identical with those of the existing Table-case 
sturgeon, Acipenser, are shown from the English Eocene. No. 40. 
There are also pectoral fin- spines both from the Eocene and 
Pliocene. 



Sub-order II. — Protospondyli. 

The large majority of Mesozoic fishes are closely related to 
the existing " bony pike " (Lepidosteus) and " bow-fin " (Amia) 
of North American lakes and rivers. They have the upper 
lobe of the tail excessively abbreviated, the rays of the dorsal 
and anal fins equal in number to their supports, and no infra- 
clavicular plates in the pectoral arch. They are represented in 
the Collection by a very extensive series of specimens. 

The first family is that of the SemionotidsB, already repre- 
sented by one genus of small fishes, Acentrophorus, in the 
Upper Pennian. They are stout-bodied, with a small mouth 
and blunt, often powerfully crushing teeth . Semixmotiis and Goh' 
hodus are Triassic and RhsBtic ; Dapedius (Fig. 147) is Liassic ; 
and Lepidotus (Fig. 148) ranges from the RhsBtic to the Wealden. 
The powerful dentition of Lepidotus, originally named Sphcero- 
dus, is particularly noteworthy ; the successional teeth when 
first formed in the jaw are directed away from those they are 
destined to replace, and gradually turn through an angle of 
180° as they come into use. 

The MacrosemiidsB are elongated fishes with small mouth, 
obtuse teeth, and extended dorsal fin, ranging from the RheBtic 
to the Chalk. Fine examples of Ophiopsis and Macrosemius 
are shown from the Lithographic Stone of Bavaria and France, 
others of Ophiopsis and Histionottis from the Porbeck Stone of 
Dorsetshire and Wiltshire. 

The Pycnodontida) (thick-teeth) are a remarkable family 
of deep-bodied fishes, so-called in allusion to the powerful 
grinding teeth (Fig. 149) which arm their forwardly-displaced 
mouth. The rhombic scales are usually so thin, that their 
ribbed front margin is often the only part preserved, producing 
the appearance of a series of parallel streaks from the upper to 
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i^ 



Fio. 146.— Restoration of Head of Chondrosteus adpenneroidts^ Ag. (after Traquair) ; Lower 

Lias, Lyme Begis. 

ag, an^lar bone ; 6r, branchiostegal rays ; cA, ceratohyal ; el, clavicle: d, dentary bone 

of mandible ;/, frontal ; Am, hyomandibular ; jjugal; i.d, infraclavicle ; ?na;, maxilla| ' 

op, operculum; p, parietal; p/, postfrontal; p.t, poet-temporal; «.c/, Bupraclavide ; 

<.o, suborbital ; «.op, suboperculum ; «.f, supratemporal; «ry, squamosal. 




ece fe 



Fig. 148.— /.<pWoftM maximui^ Wagn. ; Lithographic Stone (Upper Oolite), Bavaria. 
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the lower margin of the trunk. In several genera (e.g, Meso- 
doHy Microdon, and Goelodus) the tail is destitute of scales. 
These fishes range from the Lower Lias {Mesodon Uassicus) 
to the Upper Eocene (Pycnodvs platessus) with very little 
modification. The fine series of examples of Gyrodus from 




Fig. 149.— Portions of Pycnodonts. a. transverse section of jaws, showing the two 
halves of the mandibular dentition opposing the vomerine teeth; &, dentition of 
Microdon\ c, dentition of CoelodiLS', d, portion of vertebral column of CoeUxluSf 
showing persistent notochord (shaded), and the expanded bases of the arches; 
«', the same of Pycnodm ; /, inner view of scales, showing mode of interlocking by 
pegs and sockets, which are continued as longitudinal ribs. 

the Lithographic Stone of Bavaria, and of Palceohalistum 
from the Hard Chalk of Mount Lebanon, are particularly 
worthy of attention. The armoured Goccodus and XenophoUs 
from Mount Lebanon are also remarkable. None of these 
fishes have vertebrsB, but in the later genera the arches above 
and below the notochord are often expanded to unite at the side 
(Fig. 149). 

The Eugnathid89 are the rhombic-scaled forerunners of the 
modem Amia (Fig. 150), and range from the Upper Trias or 
E/hsetic to the Chalk. They are predaceous fishes with a large 




Wall-cases, 
Nos. 12. 13, 
Table-cases, 
Nos. 43, 44. 



Fio. 151. — Sugnathus orthostoinust Ag. ; Lower Lias, Lyme Regis. 
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mouth and conical teeth. The thick -scaled Eugnathus (Fig. 151) 
and the thin-Ecaled Caturus (Fig. 152) toth ranp:e throughont 
the Jurassic, the specimens from the Lower Lias of Lyme 




Fio. 152.— Caturus furcaiust Ag. ; Lithographic Stone, Bavaria. [Scales omitted. 



Kegis and the Lithographic Stone of Bavaria being particularly 
fine. Neorhomhol&pis is an interesting fish from the English 
Chalk and Wealden, with rhombic enamelled scales and disc- 
shaped vertebrae. 

The Amiidee are first certainly represented in the Upper 
Jurassic. Megalurus, from the Lithographic Stone of Bavaria 
and France and from the English Purbeck Beds, is very similar 
to Amia but has a shorter dorsal fin. The existing genus is 
represented by fine specimens from the Lower Miocene of 
France, and is also known in Germany. Detached vertebrse 
are shown from the Lower Tertiaries of the Hampshire Basin. 

A family of Amioids which curiously mimic the modem 
sword-fishes, ranges throughout the Jurassic and CretaceoDs 
periods, and is represented by Pachycormus (Upper Lias), 
Hypsocormus (Oxfordian and Kimmeridgian), and Protosphyrama 
(XJpper Cretaceous), besides other genera. The notochord 
is persistent, but to strengthen the trunk the vertebral arches 
are multiplied and very closely arranged ; the powerful forked 
tail is supported by a triangular expansion of one of the haemal 
bones ; and the snout gradually becomes elongated until it is 
a formidable weapon in Protosphyrcena, 



Wall-case, 
No. 13, and 
Table-case, 
No. 44. 



Wall-cases, 
Nos. 13, 14. 
Table-case, 
No. 46. 



Sub-order III. — Aetheospondyli. 

Next to the Pachycormidse, in an uncertain position, are Wall-case 
placed the Aspidorhynchidse and the modem Lepidosteidse, the No. 14, and 
former ranging from the Lower Oolites to the Upper Chalk, the ^®'^^?g°**®' 
latter exclusively Tertiary. Aspidorhynchus (Fig. 153), with 
prominent rostrum, is represented by a fine series of specimens 
from the Lithographic Stone of Bavaria; the closely-related 
Bdonostomus, with elongated jaws but little or no prominent 
rostrum, is shown both from this formation and in a unique 



Table-case, 
No. 46. 
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collection of nodules from the Upper Cretaceous of Brazil. 
Of the existing American genus Lepidosteus, there are nnmerous 
fragments of skulls, characteristic vertebrsB, and scales from the 
English Eocenes; and similar specimens are found both in France 
and Germany. 




Fi«. 153,^A8pidorhi/nchus omatUsimuit Ag. ; Lithographic Stone, Bararia. 

All the preceding fishes have a complex lower jaw, each half 
consisting of at least four or five pieces ; and when the teeth 
are powerful, those on the inner (or splenial) element are 
specially well-developed. In all the following groups the lower 
jaw consists normally of only two pieces on each side, one behind 
(articulo-angular) and a larger piece (dentary) in front. 



Table-case, 
No. 46. 



Table-case, 
No. 16, and 
Table-cases, 
Nos. 47, 48. 



Sub-order IY. — Isospondyli. 

The first and earliest group of the higher fishes is that in 
which the vertebra? never fuse into a complex behind the head, 
in which the simple air bladder is directly connected with the 
gullet, and in which the pelvic fins are always situated well 
behind the pectorals. Here may be placed the Pholidophoridae 
which are remarkably like the herrings in general aspect, but 
have only ring-vertebrsB, ganoid scales, and fulcra on all the fins. 
Fholidophorus iiseli ranges from the Rheetic to the Pnrbeck Beds, 
but is especially well represented by a large series of specimens 
from the Lower Lias of Lyme Regis. Some diminutive fishes 
of the genera Peliopleurus (Upper Trias) and FleurophoUs 
(Kimmeridgian and Purbeckian) exhibit a series of remarkably 
deepened scales on the flauk. The OligopleuridsB, ranging from 
the Upper Jurassic to the Upper Cretaceous, come next. The 
Leptolepidee follow, with Leptolepis, Aethalion, and Thrissops, 




Fio. 154.— ieiJtolcpw dubiuSf Blainv. tp.; Lithographic Stone, Bavaria. [Scales omitted.] 
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mostly from the Lithographic Stone of Bavaria ; and these differ 
from the herrings (Clupeidee) chiefly in the meeting of the 
parietal bones and in the simple character of the tail. Lep- 
tolepis (Fig. 154) is first represented by small species in the 
Upper Lias of England, France, and Wiirtemberg. 

Either here or immediately after the " .Aiaioids " (the 
PholidophorideB having previously been classed with the 
" Lepidosteoids"), it has long been customary to recognize a 
break in the series of Teleostomatous fishes. All groups below 
have been united under the name of Ganoidei (enamelled-scaled 
fishes) ; all above have been termed Teleostei (bony-fishes). 
This arrangement was very convenient so long as the extinct 
families were more incompletely known ; but fossils now show 
that it cannot be scientifically maintained, and the terms 
" Ganoid " and " Teleostean '* must thus be employed in future 
merely in a general way for enamelled-scaled and modern bony 
fishes respectively. 

Most of the so-called " Teleostean '* fishes have a reraariably 
developed internal skeleton, as may be perceived from the 



Chmoid" 

Teleos- 
tean." 




Fig. 155.— Skeleton of the Common Perch, 
a, premaxillary bone; b, maxillary bone; c, lower jaw; d, palatine arch; e, cranium; 
f, interoperculum ; g g\ vertebral column ; A, pectoral fin ; i, pelvic fin ; k, spinous 
dorsal fln ; i, soft dorsal fin ; m, anal fin ; «, upper, and n', lower lobe of caudal fin. 

[The pectoral and pelvic fins each form a pair, and correspond respectively to the anterior 
and posterior pairs ot limbs of the higher venebrata. The dorsal, caudal ,and anal fins are 
median and unpaired.] 




A. B. 

Fig. 156.— Scales of Teleostean Fishes, a, Cycloid; b, Ctenoid. 

accompanying figure of that of the common perch (Fig. 155). 
Very few are covered with bony scales, the large majority 
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being invested with thin and flexible, deeply-overlapping scales 
which are either smooth ("cycloid," Fig. 156a), or pectinated 
("ctenoid," Fig. 156b), at the hinder margin. 

Next to the LeptolepidsB are arranged the representatives of 
the lowest of the truly bony fishes which still survive, namely, 
the herring- like family ElopidsB, which comprises several genera 
exhibiting a gular plate like that of Amia, Among these, the 
finest are the examples of Osmeroides and Aulol&pis from the 
English Chalk, long supposed to be Salmonidee. The series in 
the table- case includes the type- specimens from the collection 
of the late Dr. Mautell, and several beautifully worked out of the 
chalky matrix by this distinguished pioneer in palsBontology. 
Those of Osmeroides are especially perfect, and, like most fossil 
fishes from the Chalk, they are almost uncompressed, the fine 
calcareous particles having replaced the muscalar and other 
tissues as rapidly as they were destroyed by decomposition, thus 
preventing the collapse of the flauks, and preserving the natural 
rotundity and form of the fish when living. Other closely- 
related genera are Thrlssopater from the Grault of Folkestone, 
and Rhacolepis in nodules from the Upper Cretaceous of 
Brazil. 

The ClupeideB, or herrings -proper, date back to the Cretaceous, 
where they are represented both in Mount Lebanon and 




Fig. Ib7. —Diplomi/stiis brevUsimuit, Blainv. sp. Rafter Pictet and Humbert) ; Upper 
Cretaceous, Mount Lebanon. 



Brazil by Biplomystus (Fig. 157), which only seems to differ 
from the modem Clupea in the possession of a series of 
scutes between the back of the head and the dorsal fin. This 
fish is also common in the European and North American Lower 
Tertiaries, and still survives in the rivers of Chili and New 
South Wales. Clujpea itself may date back to the Eocene, but 
this is uncertain. Scombroclupea (with finlets behind the anal), 
Bhinellus (Fig. 158), Leptosomus, Chirocentrites, and other fishes 
from Mount Lebanon, are also believed to be Clupeoids. 

It is interesting to notice that in the Syrian area, owing to 
some physical change in the conditions of the sea at the time 
the Cretaceous deposits were being laid down, these fishes 
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appear to have been sometimes suddenly destroyed in sboals, 
and buried at once by the fine calcareous mud. This circum- 
stance is well illustrated in Wall-case N"o. 15, by several slabs 




Fio. 158.— Rhinellus furcatus, Ag. (after Pictet and Humbert) ; Upper Cretaceous, Mount 

Lebanon. 

of fossil limestone from Hakel, near Beyrout, which are covered 
with hundreds of their remains. 

The SalmonidsB are scarcely known among fossils and very Table-case, 
difficult to distinguish from the Clupeidse. It is usually possible " ^^ 
only to recognise the genera which still exist. Some surviving 
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Fig. 159.— Capelin (Mallotus villosus)^ in nodule of Glacial Clay, Greenland. 

species are found fossilized in comparatively recent deposits, 
and an interesting series of nodules is exhibited from the glacial 
clays of Greenland, Norway, and the banks of the Ottawa River, 
Canada, each enveloping a " Capelin'* (Mallotus vtllosus). The 
shape of the nodule (Fig. 159) in each case is observed to 
correspond precisely with the contour of the enclosed fish, and 
the concretion is probably due to the escape of gases from the 
decomposing body leading to a concentration of mineral matter 
at the spot from the clay around it. 

Near the Salmonidee are placed the remains of the Cretaceous 
family of Saurodontidee, which have powerful teeth implanted 
in distinct sockets on the margin of the jaw. Portheus attains 
a large size, as shown by the very fine slab of Portheus molossus 
from the Chalk of Kansas, U.S.A., exhibited in Wall-case 
No. 16. More fragmentary specimens are shown from the 
English Chalk. Closely allied are Ichthyodectes and Sauro- 
cephalus. 

The large Cretaceous fish Pachyrhizodus (= Hypsod&ii in 
part) is also perhaps related to the Salmonoids. It has power- 
ful conical teeth firmly fixed to the jaws, and fragments from 
the English Chalk have been erroneously referred to reptiles. 



Wall-case, 
No. le, and 
Table-case, 
No. 49. 



Wall-case, 
No. 16. 



1 12 Actmopteiygii — Plectospondyli. 

Cable- case ^^® Scopelidee and allied families are probably represented 

JTo. 61. ' in the Upper Cretaceous by the fishes named SpaniodoUy 

Enchodus, and EuryphoUs (&ig. 160), some of which from 



Fii3. 160. — Eurypholia Boiasieri, Pict. (after Pictet and Humbert) ; Upper Cretaceous, Mount 

Lebanon. 

Westphalia (not in the Collection) exhibit distinct traces of an 
adipose dorsal fin. They have very irregularly developed large 
teeth within the mouth, and EurypJwUs exhibits ornamented 
dermal scutes both on the anterior part of the back and along 
the lateral line. GimolicJithys and Pomognathus from the 
English Chalk also seem to be related to these fishes. Phylacto- 
cephalus from Mount Lebanon is probably identical with 
Pomognathus. 

Typical Scopelidee are Parascopelus and Anapterus from the 
Upper Miocene of Licata, Sicily. 
Cable-case, The extinct Cretaceous family of Hoplopleuridas follows 

^o. 51. next, comprising much-elongated fishes wanting true scales 

but armoured with longitudinal series of scutes. Dercetis 
(Leptotrachelus) occurs in the English Chalk, and still more 
abundantly in the Upper Cretaceous of Mount Lebanon. 
Pelargorhynchus is an allied fish from the Chalk of Westphalia. 

SuB-OEDER V. — Plectospondyli. 

^all-case, Remains of CyprinideB are not nn common in freshwater 

r °w ^' *^<* formations above the Eocene both in Europe and North America, 
I^s.l52*63?' ^^^ almost all the extinct species are referable to existing 
genera. The true Carp {Cyprinics) and Gudgeon (Gohio) occur 
in the Miocene of Oeningen. Species of Leuciscus (Roach, 
Dace, Minnow, etc.) are represented in the same deposit, in the 
lignites of France and Germany, and in the Upper Miocene 
Infusorial Earth of Licata, Sicily. The latter formation also, 
yields remains of other genera, e.g. Bhodeus and Aspius ; and as 
Herrings, Scopeloids, etc., occnr abundantly in association with 
these, the mingling of marine and freshwater fishes is here 
very remarkable. The Tench {Tinea) is found in the Oeningen 
beds and Tertiary lignites ; and the little Acanthopsis, now 
of Tropical India, is met with in the Miocene of the 
Puy-de-D6me, France. Other genera exhibited are Barhus, 
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ThynnichthySf Amhlypharyngodon and Hexapsephus, from the 
Eocene of Padang, in Sumatra; also Cobitis from Oeningen. 

SuB-oEDER YI.— Nematognathi. 

The remarkable family of Siluridee, or " Cat-fishes," though Table-case, 
so widely distributed at the present day, is very imperfectly ^®* *^* 
known among fossils. The earliest known member of the 
family is Buchlandium diluvii^ represented by a sknll from the 
London Clay of Sheppey. The Bracklesham beds and Barfcon 
Clay yield evidence of a fish indistinguishable in its head from 
the living genus AriuSj and named AriiM egertoni. Remains of 
several other forms from the Siwalik Hills, India, and the 
highlands of Padang, Sumatra, are also exhibited ; these being 
mostly allied to species still living in those regions. 

Sub-order VII. — Haplomi. 

The Pikes (Esocidfle) and toothed Carps (Cyprinodontidae) -^aU-c 
are not certainly known below the Lower Miocene or No. 16. 
Oligocene. A true Esox occurs in the. Miocene of Oeningen, 
Switzerland. There are also fragments of the existing Esox 
lucius from the peat of the Fenland. Most of the fossil 
species of toothed Carps seem to belong to the living genus 
Cyprinodon (Lehias) or a very close ally, and numerous 
specimens are shown from the Upper Eocene deposits of Aix ^able-case, 
in Provence, the Miocene of Oeningen, and the equivalent ^^•°^* 
lignites of Central France and Germany. The fishes from 
Aix are frequently found buried in shoals, as is well shown 
by slabs of marl covered with their remains exhibited in the 
case. Very singular is the occurrence of the genus PoeciUa 
in the Oeningen beds, this being now confined to the freshwaters 
of Tropical America, 

Sub-order VIII. — ^Apodes. 

The "Eels" are spread at present over almost all the Table-case 
freshwaters and seas of the temperate and tropical zones, and No. 52. 
the earliest of their fossil remains hitherto discovered are from 
the Upper Cretaceous of Mount Lebanon. Beautiful examples 
of these are exhibited in the case. The genus Ehynchorhintia, of 
the London Clay, seems to be rightly placed in this family ; 
and in the beds of Monte Bolca there are representatives of the 
living genera Anguilla, OpMchthys, and Sphagehranchus, in 
addition to numerous specimens pf the so-called Leptocephaliy 
which are supposed to be undeveloped larval forms. Later de- 
(1876) 9 
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posits, like the Miocene of Oeningen, Switzerland, and the Upper 
Eocene of Aix in Provence, France, have also yielded species 
of Anguilla, and some fine examples from the first-named 
locality are preserved in the collection. 



Sub-order IX.-^Anacanthixii. 

This sub-order, which comprises the symmetrically- formed 
Cod-fishes (Gadoidei) and the remarkably unsymmetrical Flat- 
fishes (Pleuronectoidei), is not known to have many representa- 
tives in the fossil state. None of the fins have spinous rays 
(hence the name) ; the median fins are almost invariably well 
developed; and the pelvic fins, when present, are either 
thoracic or jugular in thdr position. 

Nemopteryx and Palceogadus are Gradoids from the black 
slates of Glaris ; other un described forms occur in the London 
Clay of Sheppey ; and a small recent Oadus is shown in a nodule 
from Griacial Clay, Bindalen, Norway. 

The " Flat-fishes " are characterized, except in the very 
young state, by the peculiar habit of constantly swimming and 
resting upon one side, the fore part of the head, with both eyes, 
becoming gradually twisted to the upper or opposite side in the 
adult. Species equally modified or " specialized *' are met with 
even in the Eocene of Monte Bolca, where the living Bhomhus 
occurs ; and there are small kinds of " Sole " (Solea) in the 
Miocene of Ulm, Wiirtemberg ; it is remarkable, however, that 
no less-altered ancestral types have hitherto been recognised. 



SuB-oKDEB X. — Percesoces. 

The ScombresocidsB, Atherinidaa, MugilidsB, and SphyreBnidae 
are not definitely known below the Upper Eocene, though 
Bhinellus, from the Upper Chalk of Mount Lebanon and West- 
phalia, may belong to the first family. The AtherinidsB are 
represented by Mesogaster in the Upper Eocene of Monte Bolca, 
and the Mugilidse (" Grey Mullets ") apparently bj Mugil itself 
in the corresponding beds of Aix in Provence. The great 
voracious " Barracudas " (SphyrsenidsB) of the West Indies and 
other tropical seas, also have small representatives at MonteBolca. 



Sub-order XE.— Pharyngognathi. 

This is a group of spiny-finned fishes characterized by the 
coalescence of their two lower pharyngeal bones, which support 
a powerful dentition. 
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The true " Wrasses " (Lahrus) appear to be represented in Table-case, 
the Eocene of Monte Bolca, and an extinct family, the No. 53. 
Pharyngodopilideo, is indicated by some pharyngeal dental 
plates from the London Clay of Sheppey, and the Lower 




Fio. 161.— Pharyngeal dentition of Phyllodm petiolalus, Owen ; London Clay, Sheppey. 

Tertiaries of the Continent. To the latter belong Phyllodus 
(Fig. 161) and Pharyngodopilus (Nummopalatus) , and of the 
tirst-named genus, the collection now comprises nearly all the 
type^specimens described in Prof. Cocchi's Monograph on these 
fishes. Phyllodus is so called on account of the leaf-like shape 
of the entire pharyngeal dentition, and the separate teeth com- 
posing this are very thin and constantly replaced by vertical 
successors, which are arranged in little piles beneath the 
functional ones. 

The remarkable fragments of dentition from the London 
Clay, known as Egertoma, and those from the Bracklesham 
Beds termed Platyloemusy are also supposed to be referable to 
extinct Pharyngognathi. Taurtmchthys, from the French 
Miocene, is also placed here. 

Sub-order XII. — Percomorphi. 

Pterygocephalus, from the Eocene of Monte Bolca, seems to 
represent the " Blennies " (Bleniidaa) : extinct species of 
" Gobies " (Gobiidaa) are also found in the same formation, and 
in the Infusorial Earth of Oran, Algeria. 

PetalopteryXy with hnge pectoral fins, from the Cretaceous of 
Mount Lebanon, is perhaps an old " Flying-fish *' — one of the 
Cataphracti. And the closely-allied " Millers* Thumbs " and 
'' Gurnards " (Cottidae) are represented in the Middle Tertiaries. 
Lepidocottusy almost identical with the living Cottus, except in 
possessing a covering of scales, is found in the Miocene of the 
Puy-de-Ddme, France; and a large series of these fishes is 
•exhibited. 
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Remains of trae ** Angler-fishes " (Lophius) have been dis- 
c©vered at Monte Bolca ; and the Trachinidse (" Stare-gazers," 
etc.) may possibly be represented by Gallipteryx itom. the same 
locality. To the latter also certainly belong Trachinopsis from 
the Upper Tertiary of Lorca, Spain, and Pseudoeleginus from the 
Upper Miocene of Licata, Sicily. 

The Scombrid» — or Mackerel family — occur fossil in various 
Tertiary deposits. They may often be readily distinguished by 
the curious series of finlets, in most cases present behind the 
second dorsal and anal fins. 

The " Tunny" (Thynnus) and an extinct genus, 0rcynu8,BTe 
met with at Monte Bolca : remains of Cyhium are not un- 
common in the London Clay : and three other extinct genera^ 
ArchceuSy Isurug, and Palimphyes, occur in the black Eocene 
Slates of Canton Griaris. 

To theCoryphsenideB — pelagic fishes with a single long dorsal 
fin and laterally-compressed body — Dr. Qiinther refers the 
Gastei^onemus of Monte Bolca, which is perhaps not distinct 
fi-om the living genus Mene, It is remarkable for the length of 
the spinous rays representing the pelvic fins, and several fine 
specimens ai-e exhibited in the "Wall-case. Goniognathus, from 
Sheppey, may also be placed here. 

The Carangidad, or *' Horse-mackerels," constitute an exten- 
sive family of laterally-compressed deep-bodied fishes, abun- 
dantly represented at present and throughout the Tertiary 
period, comprising a few forms also in the Cretaceous. Vomer y. 
AipicMhysy and Platax, have been described from the Chalk 
of Comen in Istria (Trieste), and Platax alone from that 
of Mount Lebanon : the last-named genus survives in existing^ 
seas (as the " Sea-bats ") having also left traces of its presence 
in the Eocene of Monte Bolca, and the Crags of our Eastern 
counties. The Crag fossils are mere fragments of vertebral 
centra, neural spines, and interspinous bones ; the spines are 
tumid in the middle, giving the broken pieces a curious appear- 
ance. Semiophorus (Fig. 162) is a remarkable extinct genus 
found at Monte Bolca, and characterized by the enormous 
development of the dorsal fin ; the pelvic fins are long and 
slender, thoracic in position, and situated in advance of the 
pectorals, which are very small. lAchia^ Garangopds, and Buctor^ 
are other Monte Bolca genera shown in the Wall-case ; the first 
still exists, the second is scarcely distinguishable from the 
living Garanx, and the third appears to be extinct. Amphistiumj 
from the same deposit and the Paris Eocenes, is another form 
referable to this family. 

Of the AcronuridfiB, or" Surgeons," species pertaining to the 
living Acanthurus and Naseus are exhibited from the Eocene of 
Monte Bolca. 

An extinct family, apparently most closely related to the 
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Trichiuridfie, is that of tlie PalseorhynchidsB. These are long, 
slender, laterally-compressed fishes, with a very delicate 
skeleton, and having the jaws prolonged into a sharply-pointed 
beak, either edentulons or provided with very small teeth. The 
dorsal fin is supported by spinous rays and extends along the 
entire length of the back, and the caudal fin is deeply forked. 



Wall-case, 
No. 17. 




Fig. lG2,^Semiophorus velicans, Agasslz, from the Eocene formation of Monte Bolca. 
A, anal fin ; c, caudal ; d, dorsal ; p, pectoral ; v, pelvic fins. 



In Palceorhynchum the jaws are of equal length, and an extensive 
series of specimens is shown in the Wall-case, from the Eocene 
Slates of Canton Glaris. Hemirhynchus^ which has the upper 
jaw much, longer than the lower, occurs both in the Glaris beds 
and in the Lower Tertiaries of France and Belgium. 
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The TrichiuridsB (" Hair-tails," "Scabbard-fishes," etc.) 
differ most prominently from the preceding family in the 
powerful character of the jaws, which are armed with strong 
teeth, some usually much larger than the others. Bepresenta- 
tives of the existing Lepidopus occur in the Eocene Slates of 
. Glaris, and also in the Upper Miocene of Licata, Sicily. Owing 
to imperfections in the specimens, the former were originally 
placed in a distinct genus, Anenchelum, and the distortion of the 
fossils led to an undue multiplication of the so-called species. 

Hemtthyrsites and Trichiurichthys are scaly extinct forms 
from the Upper Miocene of Licata, Sicily, but there are no 
examples in the collection. 

Next to the TrichiuridsB are arranged the fragmentary 
remains of XiphiidsB or "Sword-fishes." These, as is well 
known, are remarkable for the great length of the cuneiform 
snout ; they are the largest of Acanthopterygian Fishes. The 
generic determinations of the fossil forms are still very doubtful, 
but a series of typical fragments is exhibited from the English 
Eocene. 

Of the family of Berycidae, a very large series of specimens 
is exhibited. These fishes have much the general appearance 
of the Perches, but there are large cavities in the head-bones 
connected with the sensory slime-canal system, and the pelvic 
fins have (except in one genus) more than I^Ye soft rays in 
addition to the spine. They are all marine. The living genus 
JBeryx occurs both in the English Chalk and the Upper Cre- 
taceous of Mount Lebanon. Many of the English examples, 
both of this and allied genera, are but slightly compressed, 
retaining their original form, and those from the collection of 
tbe late Dr. Mantell are especially fine ; several are the type- 
specimens figured in the works of Agassiz and Mantell ; and 
later acquisitions from Mr. Frederic Dixon's collection are the 
originals of figures in his well-known " Geology and Fossils of 
Sussex." Hoplopteryx is a genus with very powei-f ul fin-spines, 
to which are referred the two English Chalk species commonly 
known as Beryx ornatus and Beryx superhus, besides other forms 
from the Cretaceous of Westphalia and Mount Lebanon. 
Berycopsis (with cycloid scales), Homonotus, and Stenostoma are 
other genera of the English Chalk. Pseudoberyx (with 
almost abdominal pelvic fins) occurs at Mount Lebanon, and 
Sphenocephalus and Acrogaster in the Westphalian Cretaceous 
deposits. The living surface- dwelling genera, Myripristis and 
Holocentrum, are not uncommon at Monte Bolca, and the latter 
has also been discovered in the Miocene of Malta. 

The carnivorous marine family of Scorpaenidae is represented 
in the fossil state by a species of Scorpoena in the Infusorial 
Earth of Oran, Algeria, but there are no specimens in the col- 
lection. 
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The SparidflB, or " Sea- breams," have numerons extinct 
congeners. They are Perciform -Acanthopterygians with a 
curiously specialized dentition, the front teeth being usually 
adapted for piercing and cutting, and those at the sides of the 
mouth for crushing. Their earliest representatives, from the 
Cretaceous of Mount Lebanon, appear to be referable to the 
living genera, Pagellus and Saryus ; and both these fishes are 
again found in the Tertiaries, the former at Monte Bolca, and 
the latter in Finance and at Oran, Algeria. Spamodus (Fig. 163) 
is an extinct genus from Monte Bolca, having the teeth some- 
what " spaced out " — hence the name. Soricidens and Capitodus 
are founded upon detached teeth from varioas European Ter- 
tiaries. Teeth of the living Chrysophrys are exhibited from 
the Miocene of Malta, the Crag of Suffolk, and from probably 
equivalent deposits in the Canary Islands. 




Fig. 163.Sparnodu» ovalis, Ag.; Upper Eocene, Monte Bolca. 

The Squaraipinnes are short, deep-bodied fishes, charac- Table-case, 
terized, as their name denotes, by the extension of the scales ^®' ^®* 
over more or less of the dorsal and anal fins. The living forms 
(" Coral- fishes ") are mostly brightly coloured fishes which 
abound in the neighbourhood of Coral-reefs. Platycormus, 
from the Upper Cretaceous of Westphalia, seems to be their 
earliest known representative; and there are remains of 
Scaiophagus, and the living genera JEphtppium, Pomacanthus, 
Holacanthus, in the Eocene of Monte Bolca. Pygceus, from the 
same formation, is also placed in this family. 

The PercidsB, or Perch family, may perhaps be regarded as Wall-case, 
the highest — the most specialized — of Teleostean fishes ; they No. 18. 
are well represented both in the freshwater and marine Tertiary Table-case, 
formations. The extinct genus Smerdis, with large deeply- No. 56. 
forked tail (Fig. 164), occxtrs in the Miocene of Ulm, Wiirtem- 
berg, and Puy-de-Ddme, France ; in the Upper Eocene of 
Monte Bolca and Aix in Provence. Lates, Gyclopoma, and 
species of the living marine genera, Diiles, Serranus, Apogon, 
Therapon, and Pristipoma, are also found at Monte Bolca. 
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Acanus is an extincfc genus, originally referred to the Beryeidse, 
from the Eocene Slates of Canton Glaris, Switzerland. 




KiG. 164.— fijiierdw minutus, Ag. ; Eocene, Aixin Provence, France. 

SuB-oRDEB XIII. — Lophobranchii* 

These are a small sub-order of boiiy fishes having the gills 
not laminated, but in the form of small rounded lobes or tufts. 
The gill-cover is reduced to a large simple plate ; and the body 
is more or less encased in hard scales, arranged in segments. 

Here are placed the " Pipe-fisbes " and " Sea-horses," which 
bave but few fossil representatives. An extinct species of 
Siphonostoma is exhibited from the Miocene of Licata, Sicily ; 
and there is also an ancient type of " Sea-horse " — Calamostoma 
— differing from the living Hippocampus in the possession of a 
caudal fin, from the Eocene of Monte Bolca. Another " Pipe- 
fish," SolenorhynchtiSy has been found in the Eocene of Monte 
Postale. 

SuB-OEDER XIV.— Hemibranchii. 

The Fistulariidee, or "Flute-Mouths," which have been 
aptly described as "gigantic marine sticklebacks,*' are first 
known from the Eocene formation. Fossil remains of the two 
living genera, Fistularta and Aulostomay occur at Monte Bolca 
and in the Slates of Canton Glaris; and Auliscops, another 
existing form, has been found at Padang, in the Tertiary 
lignites of the Island of Sumatra. The Monte Bolca deposits 
also yield two extinct genera, TJrosphen and Bhamphosus : the 
latter has an immense spinous ray, denticulated behind, 
mserted on the nape, well shown in the specimen in the case. 

SuB-oKDEK XV.— Plectognathi. 

The Plectognathi are remarkable for their dermal skeleton 
and were originally placed by Agassiz among the " Ganoids " on 
account of the characters of their armour. Some of these 
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fishes (e.g., Ostrcucion) have the integument converted into a 
continuous mosaic of hexagonal scutes ; in others {e.g. JDiodon), 
the skin is covered with numerous isolated spiny ossifications ; 
while others are almost destitute of hard dermal structures. 
The pelvic fins are either absent or merely represented by 
spines; and the bones of the upper jaw are nearly always 
firmly united. 




Fig. 165.— Teeth of Diodon Scillce, Ag. ; Miocene, Malta. 

The sub-order is divided into the two families of Sclerodermi 
and Gymnodontes, the former of which have the jaws armed 
with distinct teeth, while the latter are provided with a kind of 
edentulous beak. Fossil Scleroderma, in an excellent state of Tabl^ase, 
preservation, are found in the Eocene Slates of Glaris, where ®* 
two extinct genera, Acanthoderma and Acanthopleurus, occur, 
A species of Ostracion has been described from the Eocene of 
Monte Bolca ; and Glyptocephalus appears to be another repre- 
sentative of the family in the London Clay of Sheppey. The 
Gymnodonts also date back to Eocene times. Fine specimens 
of Diodon (" Sea-hedgehogs") are exhibited from Monte Bolca 
and the Infusorial Earth of Oran, Algeria ; and the little piles 
of dental plates (Fig. 165), placed within the mouth of the 
same genus, are found in the Miocene of Malta, Sicily, and 
other localities. Enneodon is a closely allied extinct genus, 
from the Middle Eocene of Monte Postale, N. Italy. 
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CROMWELL ROAD, LONDON, S.W. 



GUIDE-BOOKS. 

A General Guide to the British Museum (Natural History). 2 PLins 
and 2 Views. 8vo. 2d, 

ZooLooicAL Department. 

Guide to the Galleries of Mamnialia. 57 "Woodcuts and 2 Plans. 8vo. 
6d. 

Reptiles and Fishes. 101 "Woodcuts and Plan. 8vo. 6c?. 

Shell and Star-fish Galleries. 61 "Woodcuts and Plan. Svo. 

4d, 

Geological Department. 

Guide to the Fossil Mammals and Birds. "With 116 Woodcuts. Svo. 6c?. 

Fossil Eeptiles and Fishes. "With 94 "Woodcuts. Svo. 6d. 

Fossil Invertebrate and Plants. "Woodcuts. Svo. 6ci?. [In 

the press.] 

Mineral Department. 

Guide to the Mineral Gallery. Plan. Svo. Id. 

Student's Index to the Collection of Minerals. Plan. Svo. 2c?. 

Introduction to the Study of Minerals, with a Guide to the Mineral 

Gallery. 41 "Woodcuts and Plan. Svo. 6c?. 

Study of Rocks. Plan. Svo. 6c?. 

Study of Meteorites, with a List of the Meteorites 

represented in the Collection. Plan. Svo. 6c?. 

Botanical Department. 

Guide to Sowerby's Models of British Fungi. 93 "Woodcuts. Svo. 4c?. 
the British Mycetozoa. 44 "Woodcuts. Svo. 3c?. 



The Guide-books can be obtained only at the Natural History Museum, 
Cromwell Road, Londoriy S. W. "Written communications respecting them 
should be addressed to THE DIRECTOR. 



TRINTBD BY HARBISON AND SONS, ST. ^ABTIN's LANE, CBABINGh CROSS. 



BRITISH MUSEUM (NATURAL HISTORY). 



DATS AND HOURS OF ADMISSION. 



The Exliibition Galleries are open to the Pablic, free, every day of 
the week, except Sunday, in 



January, 


from 10 


A.M. 


till 4 P.M. 


February, 




»? 


„ 430 p.M 


March, 




»> 


„ 5.30 „ 


April to August, 




3 J 


jj ^ j» 


September, 




'» 


„ 5.30 „ 


October, 




>> 


M 5 „ 


November and December 


» jj 


>J 


n "* ?> 



Also from May Ist to the Middle of July, on Mondays and 
Saturdays only, till 8 p.m. 

And from the middle of July to August 31st, on Mondays and 
Saturdays only, till 7 p.m. 

The Museum is closed on Good Friday aud Christmas Day. 

W, H. FLOWER, 

Director. 
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